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Some qualitative properties of natural and artificial satellites in the solar system that can be understood 
in terms of the restricted three-body problem are discussed here. 


N a coordinate system rotating with the two finite 

bodies around their center of mass, we have, using 
the standard dimensionless units (Moulton 1914), for 
the energy integral of the motion of the third body in 
the restricted three-body problem, the following form 
known as Jacobi’s integral: 


V2=2U—C, (1) 


where C is a constant of motion, V is the velocity, and 
where U, a function of the coordinates x, y, 2 of the 
third body, is given by 


U=3+y")+[(1—1)/n J+ (u/12). (2) 


' Here r; and 7, are the distances of the third infinitesimal 
body from the two finite bodies of masses 1—y and y, 
respectively, the unit of length being the separation of 
the two finite bodies. We also follow the convention that 
the more massive one of the two finite bodies is denoted 
by 1—. Consequently, 1<0.5 always. 

It can be seen from (1) and (2) that for a given value 
of C which is determined by the initial conditions alone, 
the third body cannot move to a certain part of space 
whose boundary is given by 


2U=C, (3) 


which is frequently known as the zero-velocity surface. 
Different values of C give a series of surfaces. One of the 
most interesting zero-velocity surfaces is the inner 
contact surface (e.g., Kuiper 1941) which plays a 
dominant role in this article. 

Let the value of C corresponding to the inner contact 
surface be C; and the constant of motion of a particular 


third body be C. Then if 
C>Ci, (4) 


the third body will be confined inside the inner contact 
surface. In other words, it will move permanently as a 
satellite of one or the other of the two finite bodies, 
depending upon which side of the inner contact surface 
it was located initially. Several qualitative properties 
observed and expected in the solar system may be 
understood in this way, as we shall see presently. 


NATURAL SATELLITE SYSTEMS 


The effect of the sun upon the motion of a satellite 
around a planet can be computed by the standard 
method of perturbation. However, when we are con- 
cerned with the upper limit of the size of orbit of a 
satellite which does not escape from the planet in a 
time scale of the age of the solar system, say 4.5 10° 
years (Huang 1960), it is not practicable to apply the 
perturbation calculation. But within the approximation 
of the restricted three-body problem, we can compute 
at least an upper limit for the orbit such that the 
satellite moving on it cannot in any circumstance 
escape from the neighborhood of its parent planet. 

Although a strictly circular orbit around either one 
of the two bodies is not a solution of the restricted 
three-body problem, the actual orbits of the majority 
of satellites may be regarded as approximately circular. 
Therefore, the velocity V of these satellites in the 
rotating frame of reference can be approximately 
expressed as 


V=(u/R)}, (5) 


where R is the radius of the orbit around the less 
massive body (i.e., the planet). Combining (1), (2), 
and (5), we can compute the value of C for satellites 
of different values of R. Then from the previous con- 
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siderations, the condition 


C=C1 (6) 


leads to the upper limit of R with which a satellite will 
be bound to the less massive body permanently (within 
the approximation of the restricted three-body 
problem). However, it does not exclude the possibility 
of its falling into the parent planet. 

Depending on the choice of the initial conditions, 
Eq. (6) represents an algebraic equation of fourth or 
higher degree and is solved numerically. Since the value 
of C is slightly different from point to point on a 
circular path, the value of R thus derived is also 
slightly different for different initial positions on the 
circle. These differences provide a measure for our 
approximation. 

Most satellites around the planets in the solar system 
have orbits several orders of magnitude smaller than the 
respective inner contact surfaces. They will not escape 
from their parent planets. Only in the Jupiter system 
do we find several satellites whose orbits are as large 
as one-half the size of the secondary lobe of the inner 
contact surface. Therefore, we have computed the 
upper limit R only for the Jupiter system. The values 
of R for three particles initially moving at A, B, and C 
with a velocity given by (5) around the less massive 
body have been studied, A and B being on the axis 
joining the two massive bodies with A near the Lagrange 
point L; and B away from it, and C on the line perpen- 
dicular to the axis and passing through the less massive 
body. The results are R=0.026 for initial position A, 
0.024 for B, and 0.023 for C. The differences among these 
three values are small, justifying our method of approxi- 
mation. It also shows why it is possible to have nearly 
circular orbits for the majority of the satellites in spite 
of the perturbation by the sun. From the three com- 
puted values of R we take the smallest one (0.023) as 
the safe limit for the orbit of a satellite that will stay 
in the Jupiter system indefinitely (within the approxi- 
mation of the restricted three-body problem). If we now 
compare this value with the actual observed values of 
the mean distances of the satellites from Jupiter, we 
find that three outermost satellites are outside the 
maximum safe limit. Here it is interesting to note that 
these three are also the only ones with retrograde 
motion in the Jupiter system. Indeed, it has long been 
suspected that these three satellites may be captured 
asteroids. Anyway, since their orbits are outside the 
maximum safe limit, we do not expect them to remain 
as satellites of Jupiter indefinitely or even in a time 
scale of 4.5X 10° years. 


THE TROJAN GROUP OF ASTEROIDS 


It has been recently suggested by Rabe (1954) that 
the Trojans might be escaped satellites of Jupiter. 
He reasons that during the process of losing mass by 
the proto-Jupiter, satellites might escape as a result of 
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the weakening central attraction and verifies this” 
suggestion by considering an osculating Jacobi integral. — 


From our previous study it can be easily seen that 


satellites may escape from their parent planets even 


when the planets maintain a constant mass. 
Let us assume that the mass of Jupiter has not 
changed since its formation. If the Trojans were once 


satellites of Jupiter at all, they must have been orbiting | 
around Jupiter with mean distances between 0.023 and — 
0.067, the latter being the limit of the secondary lobe 


of the inner contact surface. Since the values of C for 
these satellites are smaller than Ci, they could penetrate 
the inner contact surface by the perturbation of the 
sun. When this happens to a satellite, it escapes the 
planet. But the satellites thus escaped from the Jupiter 
system will never become Trojan asteroids in the 


framework of the restricted three-body problem because — 
the values of C of the asteroids are even smaller than — 
those of the Jupiter satellites, having mean distances — 


between 0.023 and 0.067. To be exact, for the satellites 
we considered we have 


3.0225 <C <3.0388, 


while the Trojans have a value around C=2.9990. 


However, once a satellite penetrates the inner contact — 


surface, it can move far away from Jupiter and the per- 
turbation caused by Saturn could become appreciable. 
In other words, the restricted three-body problem is no 
longer valid for those escaped satellites, and their 
values of C may change as a result of perturbation by 
the fourth body. However, we should mention that by 
studying Jacobi’s integral alone we can only conclude 
the plausibility for the escape of satellites but not the 
time scale it takes. 

Another more likely explanation is that in the 
beginning Trojans were ordinary asteroids revolving 
around the sun, with their mean distances from the 
sun of the order of 1.8 a.u. Thus their values of C would 
be very near to that of the triangular solution, and they 
could be trapped into the present mode of motion with 
or without a strong perturbation by a fourth body. 


ARTIFICIAL SATELLITES 


For satellites which are moving very near to the 
earth, perturbation by the sun or even the moon can be 
neglected (O’Keefe 1957). The question is how far a 
satellite can move out before perturbations by the 
moon and by the sun become appreciable. It appears 
that Jacobi’s integral in the restricted three-body 
problem provides an answer to this question and, 
moreover, gives a criterion for classifying the artificial 
satellites sent out from the earth. 

As an approximation (which will be discussed in a 
subsequent article) we may regard the motion of 
artificial satellites in the earth-moon-sun system as two 
restricted three-body problems. On a smaller scale the 
earth and moon provide the two bodies revolving 
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around each other in whose gravitational field the 
artificial satellite moves. On the larger scale the earth 
plus moon and the sun form a system of two finite 
bodies revolving around each other. In other words, on a 
smaller scale we can construct the inner contact surface 
of the earth-moon system, neglecting completely the 
effect of the sun. This inner contact surface provides a 
criterion for satellites revolving around either the earth 
or the moon separately. Following the same calculation 
as before we find that artificial satellites with nearly 
circular orbits should have a mean distance less than 
0.33 from the earth and less than 0.05 from the moon 
in order to be safe from escape. The so-called 24-hr 
orbit, which should be one of the most convenient 
orbits for an observation station in space, is 0.11 from 
the earth and is therefore stable. The Lagrange points 
on the axis joining the two finite bodies, though a 
solution of the restricted three-body problem, do not 
represent stable orbits (of a period of 27 days). How- 


ever, astronomers have long believed (e.g., Moulton 


1914) that in spite of the instability an infinitesimal 
body in passing near one of these points with 
appropriate velocities may revolve around the point 
a few times before departure. A recent numerical study 
by Abhyankar (1959), however, disputes this belief. 
He found that in no case does the third body revolve 
around either one of the two exterior Lagrange points 
on the axis more than twice. 

Because of the smallness of yu, the outermost contact 
surface of the earth-moon system is very close to its 
inner contact surface, as is clearly seen in Fig. 1, where 
the earth and the moon are represented by E and M. 
Indeed, C corresponding to the outermost contact 
surface is 3.1722, as compared with 3.1884 for the inner 
contact surface. For satellites outside of the outermost 
contact surface, the combined effect of both the earth 
and the moon has to be considered. At the same time 
the effect of the sun gradually increases as we go 
outward until it dominates the motion of the satellites. 
In order to examine how far out a satellite has to go 
before the earth and the moon together lose their grip 


to the sun, we consider another inner contact surface 


which corresponds to the sun and the earth plus moon 
system. The relative size of this inner contact surface 
as compared with the inner and outermost contact 
surface of the earth-moon system is illustrated in Fig. 1, 
where the three bodies are assumed to lie in one and 
the same plane always. For an obvious reason only the 
secondary lobe of the larger inner contact surface is 
drawn. The broken circle inside the lobe represents the 
upper limit of the sizes of nearly circular orbits that 
are stable for an indefinite length of time. It is derived 
by the same method as we have used in estimating the 
safe limit of the Jupiter satellites. Thus, satellites 
within the broken circle will not escape, and the moon 
is within this safe limit. Outside this limit the sun’s 
effect becomes appreciable and could perturb the 
satellite to outside of the large inner contact surface. 


When this happens, the satellite will eventually 
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Fic. 1. The inner and outermost contact surfaces of the earth- 
moon system compared with the secondary lobe of the inner 
contact surface of the sun—(earth+moon) system within the 
approximation of the restricted three-body problem. From the 
relative sizes of these surfaces one can see the relative importance 
on the motion of an artificial satellite, at different locations, of the 
earth and the moon separately or in combination, and of the sun. 
The contact surfaces of the earth-moon system rotate within the 
large lobe; thus the figure only illustrates one of the orientations. 


separate from the earth-moon system and become an 
artificial asteroid revolving independently around the 
sun. It is also apparent from the figure that it is unlikely 
to have any stable orbit around the entire earth-moon 
system, because any such orbit must necessarily be 
large compared to the separation between the earth 
and the moon and will therefore be outside the safe 
limit given by the broken circle in the figure. 

Not considering the problem of rocket power, we can 
also see from the present study the degree, in an ascend- 
ing order, of technical difficulty involved in sending 
an artificial satellite for the following purposes: (1) 
to become a solar satellite of the sun, (2) to hit the 
moon, and (3) to become a satellite of the moon. Any 
satellite with a value of C smaller than the correspond- 
ing value on the larger inner contact surface will 
eventually become a satellite of the sun, unless it hits 
either the earth or the moon before its escape from the 
earth-moon system. Therefore it is simply a question 
of the power of rocket engines. To hit the moon we have 
to make the satellite and the moon arrive at the same 
place at the same time. But most difficult of all is to 
send a satellite orbiting the moon, because first it must 
be sent into the secondary lobe of the inner contact 
surface and then its velocity must be changed appro- 
priately by the rocket action to a value corresponding 
to that of a stable orbit. The historical events bear out 
this prediction, and at the time of writing of this paper 
the orbiting of a satellite around the moon has not 
been successful. 
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Some features of the 21-cm velocity measurements of hydrogen gas for |b| 2 20° are analyzed. An argu- 
ment is presented for consideration of an expression for the residual velocity-distance relation of the form 


R.V. (km/sec) = 1.24 cosi! cosb!4+-2.62 sin/! cosb!— 1.60 sind! 


—Sr{1—[1.1-+sin2 (/+-53°) ] cos’b!+-0.25 sin (/!—48°) sin26}}, 


where ¢ is the distance and S is an unknown (positive) scale factor. Crude arguments suggest S~10 km 
sec! kpe~. Some implications of these numerical values and of the assumption that the local gas system is 
associated with the stellar Gould’s belt system are briefly discussed. 


I. INTRODUCTION 


HIS paper presents an analysis of the velocity field 
of the local high-latitude interstellar gas based 
on the observations previously presented and quali- 
tatively discussed (Erickson, Helfer, and Tatel 1959; 
Erickson and Helfer 1960). In the previous work it was 
noted that the local gas possessed motions at variance 
with those predicted by the usual Oort-Lindblad theory 
of galactic rotation (for theoretical background, cf. van 
de Hulst, Muller, and Oort 1954) and the question 
arises as to whether the observed motions reflect 
peculiar velocities of individual gas clouds or whether 
modifications should be made in our present model of 
galactic rotation to take into account local departures 
from purely circular motion. 

Circumstantial evidence for modification of the 
existing rotational model exists in abundance; the 
extent of the modification necessary is more difficult 
to determine. Examination of the existing line profile 
catalogues in the galactic plane (Muller and Westerhout 
1957; Burke ef al. 1959) and published meridian surveys 
(Westerhout 1957; Helfer and Tatel 1955; Tatel 1957) 
will reveal many regions in which some of the gas 
displays Doppler shifts with forbidden signs, according 
to theory. Normally these discrepancies are small. The 
most spectacular case is that of an inner spiral arm 
~3 kpc from the galactic center with an expansion 
radial velocity with respect to the center of ~50 
km/sec (Rougoor and Oort 1959). The meridian 
surveys also indicate that in many cases spiral arms are 
bifurcated or tilted and around these arms departures 
from purely circular motion are expected. Further, the 
spacial location of the gas within 2 kpc of the sun 
determined by the velocity distance relation of the 
present model is not in too good an agreement with the 
location of the spiral arms defined by the OB star 
clusters (Morgan, Whiteford, and Code 1953) and Hu 
regions (Morgan, Sharpless, Osterbrock 1952a, b). It 
is not possible to check the model for distances greater 
than 2 kpc with any substantial optical data and the 
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value of the model here must be regarded as being | 
purely heuristic. However, it seems to the author that | 
the present rotational model results in spiral arms more |} 
crab-shaped (with the sun occupying a unique position | 
with respect to them) than those occuring in normal | 
spirals. The observations of Munch (1957) of the radial | 
velocities of the interstellar absorption lines in spectra | 
of stars situated in or near the Perseus spiral arm also | 
show a curious phenomenon. Strict application of the } 
present model to the observations of the interstellar | 
line velocities would place some of the absorbing gas | 
beyond the stars in whose spectra the lines appear. 
Some other optical evidence does exist (Munch and 
Munch 1960), which suggests the model does need } 
modification. Also, the unexplained occurrence of inter- } 
stellar gas at large distances from the galactic plane in 
extended regions at large distances from the galactic 
center suggests that our knowledge of the force field | 
acting upon the gas is far from complete. Finally, there | 
is conceptual difficulty in expecting the gas to follow 
circular orbits with periods 210% years when it 
appears that the assumption of purely circular motion 
leads to lifetimes of spiral arms 2108 years (cf., for 
example, Prendergast and Burbidge 1960). 

On the other hand, the observations themselves, 
(Erickson and Helfer 1960) indicate that the peculiar | 
velocity dispersion of mean or peak radial velocities of © 
the 21-cm profiles is quite small. This is at variance 
with the optical studies of the interstellar absorption 
lines of Va and Ca, which indicate peculiar velocity 
dispersions of 4 to 6 km/sec (Blaauw 1952; Munch 
1957). It seems likely that these optical studies refer 
to absorption by extremely fine gas wisps, such as those 
that show in the fine structure of bright diffuse nebulae, 
many of which comprise an interstellar gas cloud 
complex. The present resolution of 21-cm receivers 
ensures us that signals received represent averages of 
many such gas wisps in a beamwidth, although oc- 
casionally some of these individual slight gas wisps 
can be directly observed at 21 cm (Matthews 1957; 
Helfer and Tatel 1959). Consequently, mean or peak 
velocities of 21-cm profiles, referring as they do to 
velocity averages of many smaller gas wisps, may be 
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expected to possess lower peculiar velocities than 
reference to the optical data would suggest. 

It therefore seems both reasonable and feasible to 
examine the high-latitude 21-cm observations for 
indications of possible local deviations from purely 
circular motion. 


Il. ANALYSIS OF THE OBSERVATIONS 


The basic observations have been described elsewhere 
(Erickson and Helfer 1960). These were supplemented 
by about 100 additional observations taken in January, 
1959 on the multichannel DTM 21-cm receiver. This 
analysis of the observed velocity profiles concerns itself 
only with peak radial velocities in the case of asym- 
metric profiles and median radial velocities for sym- 
metric profiles and for those profiles whose shapes are 
not well determined. Minor secondary peaks and 
plateaus were ignored. No corrections were applied to 
the observed profiles to account for the variation of 
temperature with optical depth, all signals being quite 
weak. A correction for the Doppler broadening of the 
profiles is in order; however, considerable local varia- 
tions in temperature and turbulent velocity spectrum 
may be anticipated to be of importance in analyzing 
the high-latitude data and also there are indications of 
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the presence of low-intensity highly broadened signals 
(these may be instrumental in origin) superimposed on 
the normal signals. Consequently no correction for 
Doppler broadening was made, such a correction being 
thought quite arbitrary. 

The peak or median radial velocities, given in Figs. 
1 and 2 with the correction for a already included 
[cf. Eq. (3)], are average values of three separate 
examinations of the profiles made several months apart 
in order to minimize personal bias. The correction for 
a is a correction referring the local standard of rest of 
the gas to the stellar local standard of rest. In only a 
few cases consisting of broad low-intensity signals is 
there much ambiguity, and these are so indicated in 
the figures. In most cases the profiles are reasonably 
symmetrical and there is little difference between peak 
and median velocities; in a few cases (e.g., }=170°, 
b'= —40°) the profile asymmetries are strong and well 
defined, and in these cases peak velocities were used. 
The estimates of these peak and median velocities are 
probably good to ~+13 km/sec, exclusive of unknown 
instrument and personal bias effects. 

We assume that all the high-latitude gas is part of a 
single dynamical system subject to its own local force 
field, that the peak velocities observed in various 
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Frc. 1. Peak and median velocities given as a function of J! and b! for 1=90° to 270°. The velocities have been corrected for the a 
term using Wy (1.24 km/sec, 2.62 km/sec, —1.60 km/sec). Small bold-face numbers are positive velocities (in km/sec), large normal- 
line numbers are negative velocities; X indicate regions in which two close peaks, one positive, one negative, of about equal strength 
occur; ( ) indicate uncertain values, the signals from these directions being normally too broad and of too low an intensity to do any- 
thing but determine the sign of the velocity. The locus ¢=0 for solution A is given by the heavy solid-line curve, for solution B by 
the heavy broken-line curve, and for solution C by the light-dotted curve. 
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Fic. 2. Peak and median velocities as a function of /! and 6! for /}=270° to 90°. The arrangement 
of the figure is the same as that of Fig. 1. 


directions, being suitably defined averages of the radial 
motions of many small gas wisps in the line of sight, 
generally reflect the existence of this force field, and 
that in a particular direction only infrequently do dense 
discrete clouds seriously bias the peak velocities to 
reflect their own peculiar radial velocities. The relative 
validity of the assumptions will be justified a posteriori 
by the relative success of this analysis. 

Expanding the local velocity field of the gas in a 
power series expansion about the sun, 


VO=Wot(t-V)V+---, oye 


K+C+B sin2y=0V,/0x, 
K+C—Bsin2y=0V,/0y, 
K=0V,/02, 


The other three antisymmetric components of the 
velocity derivatives, 4(0V;/dx;—0V;/0x;), give rise to 
rigid body rotation about the origin and are not 
determinable from an analysis of radial velocity data. 
One could not, for example, determine the rotation of 
the local system suggested by H. Schmidt (1948). The 
six quantities listed in Eq. (5) give the amount of 
expansion or contraction of the local system and the 
principal directions of the same (cf. Sec. IV). If ata given 
instant a spherical distribution of gas is centered at the 
origin, the velocity field will cause it to deform in time 
into an ellipsoid, the direction and magnitude of the 


we may write for the radial velocity component 


V-(7,1,b)=ato+ +:::, (2) 


where 
a=W, cosl! cosb!-+W, sini! cosb!-+W3 sind!, (3) 


o=K+[C+B sin2(!+7) ] cos’! 


+A sin(I7+6) sin26!, (4) 


where 


B cos2y=3(0V,/dy+0V,/dx), 
A cosé =4(0V,/dz+0V./dy), (5) 
A sind =4(0V./dx+0V,/02). 


axes being specified by these six quantities. A shear 
motion, such as that caused by differential galactic 
rotation, would be represented by antisymmetric as 
well as symmetric components and is hence not com- 
pletely recoverable from this sort of analysis without 
additional assumptions as to its existence and nature. 

The three components, W;, define the velocity of the 
centroid of motion of the. gas with respect to the 
coordinate system used. Unless otherwise specified, we 
shall use the (/!,b') coordinate system as defined by the 
Lund tables (Ohlsson e¢ al. 1956) with the axis pointing 
towards (0°,0°), the y axis towards (90°,0°), and the 2 
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axis towards (---, +90°). The velocity scale origin is 
taken to be the stellar local standard of rest, defined 
by the Lund tables (MacRae and Westerhout 1956). 

A previous report (Helfer 1959) gave preliminary 
values for the constants involved in Eqs. (3) and (4), 
the technique of analysis being based on the fact that 
the quantities o and a are symmetric and antisymmetric, 
respectively, upon performing the reflection (/,b) > 
(J+180°, —b). The technique of solution then used 
suffers in that few observations were actually used in 
determining the velocity derivatives, resulting in large 
uncertainties. 

Initially we assume that the old values of Wi, W2, Ws 
(1.24 km/sec, 2.62 km/sec, —1.60 km/sec) are reason- 
ably correct. The quantity a may then be evaluated at 


‘each point and subtracted from the corresponding 


observed peak radial velocity; by assumption the 
resulting number is equal to of where 7 is a suitably 
defined mean distance of the gas in the direction in 


~ question. The resulting values of of are given as func- 


tions of /' and 6! in Figs. 1 and 2; generally speaking, 
the positive values fall in regions of (/, 6) in which 
negative values do not occur and vice versa. Accord- 
ingly, the loci «=0 are reasonably well determined. 

Setting Eq. (4) equal to zero, we may attempt to fit 
the expression to the observed loci s=0 by suitable 
choice of the constants involved. We note the equation 
admits multiplication by an arbitrary scale factor; we 
may therefore set K=1. Solution for the five other 
constants involved is greatly simplified by noting that, 
generally speaking, for every / value, there exist either 
zero or two values of 6 for which c=0; call these two 
values, 6; and by. After some algebra we find 


—4(tanb\+tanb.)=A sin(/+6), (6) 
tanb;:tanb,.—1=C+B sin2(/+7). (7) 


From Figs. 1 and 2 and a free-hand sketch of the loci 
o=0 the left-hand sides of expressions (6) and (7) may 


S(TAN b, + TANb,) = - ASIN (L+8) 


Fic. 3. The fit of the observations to Eq. (6). Observations from 
both hemispheres are averaged together to get the points. The 
uncertainty in the observed points is indicated in the lower 
right-hand corner. Open circles are based on interpolation on the 
a=0 loci. 
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Fic. 4. The fit of the observations to Eq. (7). The arrangement 
of the diagram is the same as for Fig. 3. 


be found and plotted as functions of /! (cf. Figs. 3 and 
4); fitting of sine curves then determines the five 
parameters. While Figs. 3 and 4 indicate the un- 
certainties of fit are not inappreciable, it is important 
to note that the angle y is well determined by the 
observations for | b'| > 30°. Two fairly extreme solutions 
are plotted in Figs. 1 and 2 by the heavy solid line 
(solution A) and by the heavy broken line (solution B) ; 
they are defined by the expressions 


Sol. A: 0=1—[0.8+1.4 sin2(Z+55°) ] cos?! 
+.0.28 sin(}—43°) sin2b!, (8) 
Sol. B: O0=1—[1.2+0.9 sin2(!+-52°) ] cos’b! 


+0.20 sin(/}—53°) sin26!. (9) 


The most likely solution is intermediate to these two. 
As a suitable average, we have chosen that one repre- 
sented by a light dotted line in Figs. 1 and 2 (solution 
C); it is defined by the expression 


Sol. C: 0=1—[1.1+sin2(/7+53°) ] cos?! 


+0.25 sin(/'—48°) sin26!. (10) 


The expression for o must then be the same as the 
right-hand sides of Eqs. (8), (9), or (10), aside from an 
arbitrary scale factor. The occurrence of negative radial 
velocities as we approach b'=+90° informs us that 
this scale factor should be negative. 


III. DISCUSSION OF ASSUMPTIONS 


The remarkable separation of the positive and 
negative radial velocities shown in Figs. 1 and 2 
indicates that the assumption that we are investigating 
a local velocity field rather than examining peculiar 
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velocities of the local gas is probably correct and that 
we are probably not overdiscussing the observational 
material. A few discrete clouds are easily recognized 
(e.g., =90° to 120°, 6'=-+-40°; P=170"; 1b! = 30° 
to 40°?). It is obvious that the southern hemisphere 
observations will provide an adequate check of this 
latter point and that the northern hemisphere obser- 
vations should also be checked at another observatory. 
We note, however, that Figs. 1 and 2 may be regarded 
as disjoint ; that we could determine the locus c=0 from 
Fig. 1 alone, for example, and solve for the correspond- 
ing symmetric velocity derivatives from this diagram 
and predict the corresponding locus o=0 for the 
opposite hemisphere. We may then interpret Fig. 2 
as a comparison of the predicted locus c=0 (given by 
the curves drawn) with the observations for the other 
hemisphere. The success of this comparison again 
argues against the possibility that the observational 
material has been overdiscussed. 

The really troublesome point is that the range of 
radial velocities shown in Figs. 1 and 2 is very small. 
One would expect the results of the preceeding section 
to be strongly influenced by systematic instrumental 
and personal errors, by the internal peculiar velocity 
dispersion of the gas, and by errors in the determination 
of Wi, W2, and W;. Duplication of the observations by 
other observers with other equipment is certainly 
desirable. At present we can only take the optomistic 
viewpoint that the success of the analysis itself argues 
in favor of the adoption of the analysis. To check for 
internal consistancy, new solutions for Wy, W», and W3 
were attempted using 49 sets of observations of 40 sky 
points in the vicinity of the c=O loci of solution C. 
Points in the region /}=120°—150°, b'<—30° were 
excluded, the velocity at these points changing too 
quickly as a function of longitude, to permit application 
of the assumption o7=constant<1. The values obtained 
(on the J, 6’ system) were +4.34, +1.00, —2.20 
km/sec for W,, We, W3, respectively, in reasonable 
agreement with the original values.'This solution also 
included a term representing a constant radial velocity 
shift independent of direction and distance, which 
turned out to have a value of ~—0.6 km/sec. This 
value certainly is quite compatable with the error in 
frequency calibration of the system at the times of 
observations and with any personal systematic bias 
in estimating peak (median) velocities. Probable errors 
for the W; are not quoted, for it may easily be shown 
numerically that the results are biased by incomplete 
sampling of points on the celestial sphere. The reason 
for this is obvious when one recalls that the vector Wo 
gives the velocity of the centroid of motion of the points 
considered relative to the local stellar standard of rest. 
One expects the velocity of this centroid to depend 
upon its position in the galaxy. If one observes a class 
of objects asymmetrically distributed about the sun, 
the position (and hence velocity) of the centroid depends 
quite critically upon the positions of those objects 
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included in the analysis. An optimistic conclusion to 
come to is that the vector Wo has a component in the 
galactic plane of +2.0+2:0 km/sec in the direction 
of galactic rotation (+~25°), and a component | 
perpendicular to the plane of —2.5+1.5 km/sec. The 
signs of the components are to be interpreted as if the 
local gas were rotating around the center of the galaxy 
with a slightly larger angular velocity than the local 
star system and at the same time moving downwards 
(from + to —b) across the plane. A systematic error} 
in the velocity scale used in this paper of —4+43 | 
km/sec:should perhaps also be allowed. | 

One may also ask whether the velocity expansion | | 
used is valid or whether a simpler expression should 
have-been-used: The simplest type of purely circular | 
motion K=A=0; y=—327° (on the /! system) does | 
a very poor job of matching the observations; we have | 
already noted, for example, that the angle y is very 
well determined. The possibility A=0 can be excluded 
by noting the general tendency of the radial velocities 
to become negative as we approach the galactic poles; 
formally, for K&0 the best fit solutions for ¢=0 would 
have to be characterized by values of A, B, and C very — 
much greater than K in magnitude, and they are not. 
The possibility A=O0 can be excluded by noting that 
in Figs. 1 and 2 the loci c=0 are skewed. This skewness, 
caused by the excess of positive velocities in the regions | 
= 310° to 325°, b}=+20° to +40° and //=130° to 
145°, b'= —20° to —50° is apparently real but not 
extremely well determined and it is to be hoped that 
others will make independent observations of these 
“bulges.”” There nevertheless remains the possibility 
that some of the first velocity derivatives should be 
taken equal to zero and the second-order terms included. 
The possibility of taking 0V./dz=0 and including 
instead a term representing 0?V ,/dz immediately can be 
excluded because of the occurrence of negative radial 
velocities in the vicinities of both poles. 

It must be noted that the solution does present 
conceptual difficulties. If the local system of gas does” 
extend ~500 to 1000 pc (cf. Sec. V) then the nearby 
gas in the galactic plane in the Orion-Cygnus spiral arm 
lies within the values presumably covered by the high- 
latitude velocity field. However, the Leiden obser- 
vations in the galactic plane indicate clearly that the 
bulk of this gas in the plane does not conform to the 
velocity solution found here. There then- exist three 
possibilities for future contemplation: (1) The nearby 
gas in the galactic plane is more distant than is 
commonly believed. (2) The second and higher deriva- 
tives of the velocity field are large in the galactic plane. 
(3) This solution for the local velocity field parameters 
is so biased by the presence. of the extensive Ophiuchus 
and Taurus gas and dust complexes as to give a com- 
pletely distorted picture of the local velocity field. 
Considering our present state of knowledge it would be 
rash to exclude any of these possibilities. 
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IV. THE LOCAL STRESS-STRAIN TENSOR 


The results may be expressed in terms of the sym- 
metric part of the velocity derivative matrix by Eqs. 
(5). This symmetric matrix may be diagonalized by 
rotation, the diagonalizing rotation yielding us the 
principal directions of contraction and expansion and 
the resulting diagonal elements, \;, the relative amounts 
of contraction and expansion in these directions. 

The results are given in Table I for the new galactic 
coordinate system (approximately) J?=/}-+323°, bU=0! 
in which the x direction ('=0°, 64!=0°) points towards 
the galactic center and the y direction (/4'=90°, bU=0°) 
toward the direction of galactic rotation. The quantities 
(dV ,/dx;+0V,/dx;) admit multiplication by an as yet 
unknown (positive) factor S with the dimensions of an 
inverse time (=km/sec per kiloparsec). Cognizance 
of the fact that negative velocities are observed in the 
directions |b™|~90° is given by choosing the signs so 


that dV./dz=—1.00. The quantities \; represent the 


diagonal matrix elements of the diagonalized matrix, 
a minus (plus) sign indicating contraction (expansion) 
in the direction in question. In the new coordinate 
system defined by the principal directions, V;’=)i«,’ 
plus a contribution from any rigid body rotation present. 

Examining the range of the quantities listed in 
Table I, it is seen that of all the derivatives only dV,/dy 
and to a lesser extent, $(0V,/dy+0V,,/dx), are poorly 
determined. The uncertainty in these quantities is 
reflected in the uncertainties in the first and second 
principal directions; only the third principal direction 
is well determined. The uncertainty in the first two 
principal directions corresponds to an uncertainty of 
~70° in the equatorial plane of the third axis for the 
direction of, for example, the first principal axis. 
Regarding solutions A and B as extreme, however, we 
see this error, though large, still rules out the possibility 
of the north galactic pole being one of the principal 
directions. This large error in the first (and second) 


Taste I. Constants of the symmetric velocity-derivative matrix. 


Solution Solution Solution 
A © B 
OV./ax +0.80 +0.76 +0.77 
oV,/ay —1.19 —0.56 —0.37 
aV./dz —1.00 —1.00 —1.00 
3(0V,/dy+0V,/dx) +0.99 +0.75 +0.70 
3(0V./dx+0V./d2) +0.27 +0.25 +0.20 
3(0V,/d2+0V./dy) —=0'.07 —0.04 —0.02 
first principal direction 
It 114° 1225° 131° 
bu 15% 56° Ho 
Mt —1.65 —1.11 —1.04 
second principal direction 
: ju 91° 1103° 114° 
pil — 74° —_33° — 16° 
de —0.98 —0.80 —0.67 
third principal direction 
ee 22° 24° 25a 
bu 6* 54° 5? 
Ag +1.22 +1.12 +1.11 
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principal direction arises from the exclusion of obser- 
vations near the galactic plane. In effect, to determine 
the triad of principal directions well one needs sufficient 
observations to delineate the equatorial planes corre- 
sponding to two of the principal axes. The effects of 
second-order terms in V, apparently already start 
showing up in the |6|=20° surveys and use of lower 
latitude observations in a simple first-order theory 
would be hard to justify. 

The intermediate solution C was chosen as a represen- 
tative “average” solution by the criterion that the 
equatorial plane of its first principal directions be near 
the locus of maximum integrated signal (cf. Fig. 3. 
Erickson, Helfer, and Tatel 1959); it is curious to note 
that the first principal direction of this solution, within 
experimental error, agrees with the position of Shain’s 
local magnetic pole (Shain 1957), although more recent 
polarization studies by Behr (1959) do not seem to bear 
out Shain’s suggestion. 

Solution C was then used to convert the velocities 
into relative distances. For a given 0, the relative 
distances of the peaks were plotted against / and the 
resulting graphs, whenever possible, were then 
smoothed. A very crude picture of the distribution of 
the peak signal gas in the plane of the first principal 
direction, formed from these smoothed-over graphs, is 
given in Fig. 5. All dimensions in the figure are con- 


Fic. 5. A crude model of the distribution of the maxima of gas 
density in the first principal plane of solution C. The two large 
circles represent velocities of 5 and 10 km/sec; these figures must 
be divided by the scale factor to obtain a distance scale. The 
length of the rectangles are optimistic estimates of the uncertainty 
of the location of the gas density maxima along the radius vectors. 
The rectangles are blackened for the regions of high gas density. 
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verted into a true distance scale by multiplication by 
S71, the inverse of the scale factor. One may infer from 
the diagram that, in the principal plane, the local system 
is roughly elliptical in shape, the center of the ellipse 
being displaced away from the sun along the major axis 
towards /'140°, bUS=—32° by 2 to 4 km/sec. The 
semiaxes of the system are ~5 and 8 km/sec. The 
direction of the major axis is determined primarily by 
ovservations of the gas below the galactic plane and 
does change as the inclination of the plane of projection 
is altered. 


V. THE SCALE FACTOR 


The determination of the scale factor requires 
knowledge of distance of part of the gas system. The 
assumption that the gas in the direction of Orion is at 
the distance of the Orion nebula (400 pc) gives values 
for the scale factor of —7 to —17 km/sec per kpc. The 
assumption that the gas in Ophiuchus is at the distance 
of the Ophiuchus dust complex, gives value of —11 to 
—28 km/sec per kpc. (The minimum distance quoted 
in the literature, ~ 140 parsecs, was used; if the distance 
were larger, the scale factor would be smaller in magni- 
tude. An uncertainty in the observed 21-cm radial 
velocity of ~+1 km/sec produces an error in the scale 
factor, in this case, of ~+9 km/sec per kpc.) The 
assumption that the gas in the direction of the Pleiades 
is as near as the Cluster, 125 pc, gives values of the 
scale factor of —7 to —50 km/sec per kpc, the large 
range resulting from the uncertainty of +15 km/sec 
per kpc caused by an uncertainty of +1 km/sec in the 
radial velocity. The complex nature of this region, 
however (cf. Helfer and Tatel 1959), does not recommend 
it for calibration purposes. The assumption that the 
dust clouds of Sitterly and Slocum (1937) and of 
Shapley and Jones (1937), 500 pe distant (?), are 
associated with the main body of the gas in their 
directions, gives values of the scale factor of —14 and 
—7 km/sec per kpc, respectively. These assumptions 
are biased to give too large (in magnitude) a scale 
factor, for the 21-cm radiation more probably comes 
from regions behind rather than in front of the dust 
clouds which, generally speaking, need to be nearby to 
possess sufficient angular size to be discovered. * 

The above suggests using provisionally a value of 
— 10 km/sec per kpc for the scale factor, it clearly being 
understood that the value is at least uncertain by a 
factor of 2. 

As previously reported, the 21-cm observations at 
high galactic latitudes reveal a tendency of the gas to 
concentrate along a plane inclined at an angle of ~ 20° 
to the galactic plane. Heeschen and Lilley (1954) in 
an early meridian survey of the center and anticenter 
region, noted this phenomenon and suggested that the 
gas is associated with Gould’s belt, which shows a 
similar inclination in the same direction (cf., for 
example, Bok 1937, who summarizes some properties 
of Gould’s belt). The suggestion seems plausible. In an 
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independent observational investigation of some | 
features of the high-latitude gas distribution, Davies |) 
(1960) also concluded this suggestion is quite reasonable. |) 
However, some caution is necessary, for the statement || 
really applies only to the locus of maximum integrated | 
signal and in order for this to be defined, observations ~ 
for |b| <20° are utilized; these observations may | 
represent a superposition of the local gas system and | 
the nearby gas spiral-arm structure. The extensive | 
plateaus of fairly high intensity integrated signal, so | 
characteristic of the high-latitude surveys, are neither | 
distributed very symmetrically about this 20° inclined ; 
plane nor distributed very symmetrically in longitude — 
about the galactic center and anticenter regions, the | 
preferred longitudinal directions of the locus of maxi- 
mum signal and of Gould’s belt. Some recent Australian} 
work (McGee and Murray 1960) indicates that | 
Heeschen and Lilley’s suggestion may prove to be an 
oversimplification. A possible test of this suggestion 
would be to see if the A and B stars concentrated to 
Gould’s belt do in fact, exhibit a radial velocity-distance 
relation similar to that of the gas. The Gould’s belt — 
system extends 500 to 1000 parsecs distant (cf. Bok | 
1937) and perhaps even much farther (McCusky 1939) 
and if the observed gas were connected with this system, 
the scale factor would have to be ~ —5 to —10 km/sec 
per kpc. 


VI. SOME CONCLUDING REMARKS 


(1) There are, of course, many possible ways in 
which such a system of noncircular motion may be 
interpreted. The possible gravitational influence of a 
nearby spiral arm has been briefly investigated by 
M. Schmidt (1956) and found to be probably small. 
Observationally, for the first principal axis of the 
velocity ellipsoid to point in the direction /1~25° 
instead of /1'~45° (as would be the case for purely 
circular motion), the direction of the effective center of 
attraction acting on the local gas needs to be shifted 
towards /4~340° from J!'~0° and this shift is in the 
opposite direction from that which would be produced 
by the Cygnus spiral arm. To proceed by this approach, 
we would need to consider an inner arm extending from 
the Sagittarius to the Carina regions, for example, and 
assume its gravitational attraction is very much 
greater than the nearby Cygnus arm; and this is 
unlikely. 

(2) One may also assume that this local gas system 
is rapidly evolving and that the velocity field is simply 
a transient. However, the equation of continuity for 
the gas system, 


D te) 
— Inp=| —+V-0 | Inp=—V-V=0.8S, (11) 
Dt ot : 


where S is the (positive) undetermined scale factor 
indicates that if our choice of the scale factor is reason- 
ably correct (S~12 km/sec per kpc), the time scale, 
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~10* years, is comparable to that of spiral arms 
themselves (Prendergast and Burbidge 1960) and this 
system then, cannot be considered much more 
ephemeral than details of spiral structure. 

(3) We note in passing that this time scale implies a 
gain of density (for p~10-* g cm) of 4X10" Opec 
yr‘. Since the first principal axis, \1, points in a 
direction of extremely low gas density and the high- 
density regions are about halfway between the 
expansion and contraction axes (cf. Fig. 5), the primary 
direction of mass flow is in along the 2 axis and out 
along the ); axis in the plane. Utilizing the integrated 
intensity data of Erickson and Helfer (1960), we 
obtain, for a system of dimensions 14%? X¢% kpc and 
Rn~1 atom/cm’, a total mass of 210° MO. This 
mass estimate depends upon the distribution of the 
mass within the local gas system. The sharpness of the 
peaks of the strongest signals indicates that the gas 
may have a tendency to distribute itself near the outer 
boundaries of the local system; .in this case, our total 
mass estimate may have to be increased by a factor of 
10. Davies’ (1960) estimate of 2.5x10° M ©, based on 
dimensions 4X5X1/30 kpc and Ay~2 atom/cm’, is 
probably a lower limit to the mass estimate for the 
system. 

(4) The assumption dV ,/dz=0V,/dz<0 leads to an 
interesting interpretation of part of our velocity field. 
The equation for V, in our vicinity would then be 
(using solution C, for example) 


V&W;+S(0.5x—0.08y—2z)+---, (12) 
or equivalently 
(V.—Ws3)(rS) 70.5 cosl"! cosb™! 
—0.08 sinJ™ cosbhU—sind!!. (12a) 


If the left-hand side of the equation is small, then the 
equation describes the location of Gould’s belt, which 
strongly suggests that the Gould’s belt system is 
characterized by this velocity field and that the 
members of the system are characterized by V.W3. 
_ (5) Also, the equation of motion describing the z 
motion of the gas is given by 


E Ve +1y~ ae V.=—F, (13) 


PA 


where F is the force component perpendicular to the 
plane. Formally the solution is given by an arbitrary 
combination of the integrals of the subsidiary equations, 


dt dx dy dz av, 
_ ae (14) 
ey VY, Vv. 


Schematically we may explicitly write two of the four 
integrals, w;, in the form 


(15) 
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where F’, V,, Vs are suitably defined means over the 
local volume, referred to a coordinate origin at the 
galactic center. The solution may be written in the form 


AV 24F z= f (u2,03,U4). (16) 


Now the large inequality between the observational 
values of 0V./dx and 0V./dy suggests that the primary 
dependence of V, on x and y is through the integral 
us, for if this were true we could write, for the solar 
vicinity, 
(0 f/02t2) (Ous/dx) Ve an) 
es 17 
(Of/du2)(du2/dy)  V, 


OV ./dx 
dV ,/dy 


Strict interpretation of the observations in accordance 
with this equation would yield V, negative, ~25Vo 
= 20-25 km/sec, and that this dependence on %, is not 
trivial, for 0V./dz is not excessively greater than 
0V./dx. Another way of stating this result is to note 
that Eq. (17) is also equal to tand, where ¢ is the angle 
between the line of intersection of the galactic plane 
and the plane V-=constant (Gould’s belt) and the 
radius vector from the galactic center. The heuristic 
argument resulting in Eq. (17) then informs us the as- 
sumption V,<V, implies that the intersection line 
between Gould’s belt and the galactic plane is necessarily 
almost perpendicular to the radius vector from the 
galactic center. 

(6) Finally, if we convert the derivatives listed in 
Table I from the local coordinate system (a,y i to a 
standard cylindrical coordinate system (7,6,z) with 
origin at the galactic center, we find, for the sun’s 
position, 


OV ,/dx=0V/dr, OV,/dy=r-[V,+0Ve/06 |, \ 


aV./ay--0V.,,dx=eVs/or—1-[ Vi —ovjag).¢ 


The interpretation of these equations depends upon the 
dynamical model assumed, of course. If one envisioned 
a model consisting of circular motion and a general 
expansion of the gas system, the numerical values 
listed in Table I would give V;~—50 km/sec at the 
very least. The third equation, using a conventional 
value of Oort’s constant, A~18 km/sec/kpe would 
imply that the (positive) scale factor S~ 25 km/sec/kpce. 
Both values seem high; in particular it is difficult to 
see how a gas (or gas and star) inward velocity of 
~50 km/sec could have escaped detection previously. 
We seem driven to the conclusion that the 6 dependence 
of Ve and V, cannot be ignored. 

However, one may argue that the connection repre- 
sented by Eq. (18) may not be meaningful; the local 
velocity field may not be describable in terms of the 
general galactic rotation field but rather in terms of a 
purely local force field or in terms of a large small-scale 
perturbation superimposed upon the general galactic 
rotation motion. Then, for example, if locally the 
perturbation dominates, the origin of the expansion in 
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terms of cylindrical coordinates should be the center 
of the perturbation, not the galactic center, and a more 
reasonable value of V,, a factor of 10 smaller, could 
easily be obtained. 

Clearly this approach is not, @ priori, a solution to 
our difficulties. One must then face the problem of 
specifying the frequency of occurrence of such pertur- 
bations in other parts of the galaxy, their spacial ex- 
tent, and the magnitude of the velocity anomalies; in 
essence this is equivalent to requiring a detailed specifi- 
cation of the dependence of the galactic rotation (and 
expansion) field upon ¢ and 6. 

In the construction of a model of the spacial distri- 
bution of the neutral hydrogen in the galactic plane, 
the presence of velocity anomalies such as the local 
system may cause errors in the placement of a segment 
of a spiral arm of 1 kpc or more in the outer regions of the 
galaxy (Westerhout 1957). Models for the nearby inner 
portion of the galaxy are less sensitive to such velocity 
perturbations owing to the steepness of the w(7) vs r 
curve. For example, one would need a velocity pertur- 
bation about twice the local perturbation, situated at 


half the distance to the galactic center before displace- 


ment errors of ~} kpc or so would occur. 
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The catalogue contains 593 point-source emission-line objects found mainly on 103a-E plates with red 
filter using the ADH telescope and objective prism. Blue and red photographic magnitudes and approximate 
positions have been measured. Thirty of the emission-line objects are considered to be planetary nebulae 
and 19 probably planetaries. Most of the remainder appear to be early type stars with a small mixture of 
red giants and supergiants. The mean absolute magnitudes and mean b-r colors are —4.3 and —0.69 for 
stars of negative b-r, —2.9 and +0.82 for stars of positive b-r and —2.7 and +0.70 for planetary nebulae. 
The bluest emission-line stars appear to be in the densest part of the Cloud. The planetaries are most numer- 
ous in the southwest. The boundaries for emission-line objects in general and for clusters are very similar. 
The emission-line stars are found fairly uniformly throughout the main body of the Cloud, along the tidal 


arm and out to the wing where they end. 


INTRODUCTION 


HE first list of emission-line objects in the Small 
Magellanic Cloud was published by Miss Cannon 

in 1933. This list brought the number of such objects to 
13, two of which are O stars and 11 of which were 


considered to be gaseous nebulae. 


Preliminary results of a survey of the Cloud in H, 
light were reported by Henize and Miller in 1951. 


_ Resulting from this survey Henize published a catalogue 


of H, emission-line stars and nebulae in 1956. This 
catalogue contained 65 emission-line stars. The instru- 
ment used was the red-corrected Mt. Wilson 10-inch 
camera with a 15° objective prism temporarily sited 
at the Lamont—Hussey Observatory in Bloemfontein. 
Two papers on emission-line objects in the Cloud have 
been published by the writer in 1955 and 1956. The 
first paper included only objects containing the VV. 
nebular lines. The second paper gave a catalogue which 
contained all the point-source emission objects known 
at that time. Of the 97 objects listed, 20 were considered 
to be planetary nebulae and nine probably planetary 
nebulae. Diffuse nebulae were omitted except for a few 
Hit spheres. The instrument used was the ADH 
telescope with 3°10’ objective prism which gives a 
dispersion of 240 A/mm at H,. 


NEW OBSERVATIONAL MATERIAL 


In previous surveys by the writer only the main body 
of the Small Cloud was covered. Also, the spectra were 
not narrow enough to reach faint emission-line objects. 
In 1956-57 a program was completed covering the 
outlying regions of the Cloud, again using the ADH 
telescope and objective prism. For the discovery of Ha 
emission-line objects 103a-E plates with a Wratten 
No. 25 A red filter were exposed. Exposure times were 
30 min and spectral widths of about 0.2 mm were 
obtained. This program revealed about 100 new 
emission-line objects in the areas not before covered. It 
was intended simply to publish these as an addition to 


the catalogue mentioned above. A 30-min exposure 
made on the main body of the Cloud during a period of 
exceptionally steady seeing and transparency with 
excellent focus and optimum spectrum width yielded 
some 400 new objects in this already covered region. 
With so much new material it was decided to publish 
a new catalogue of emission-line objects. 

In addition to the 103a-E plates, all fields have been 
covered by 103a-O blue-sensitive prism plates. Due to 
the faintness of most of the objects these plates have 
added little information to the spectral types, except 
where there are emission lines in addition to Ha, e.g., 
in planetary nebulae. 


MAGNITUDES 


It was intended to provide blue and red magnitudes 
for all emission-line objects. The observational program 
was completed and many of the measurements made 
before the publication of Arp’s (1958a) sequence 
in the SMC. Consequently, the photographic magni- 
tudes are based, as before, on photoelectric measure- 
ments made by King (1951) on the stars of sequence 
I (1940). Nine of King’s stars are common to the 
sequence of Gascoigne and Kron (1954) and give a mean 
difference K—GK=—O™11. Only three stars are 
common to Arp and Gascoigne and Kron. While the 
two photometric systems are not strictly comparable, 
Arp finds for the V magnitudes, A-GK=—0O™11 and 
suggests this systematic difference may arise from an 
error in the C12 and D2 regions used for transference 
by Gascoigne and Kron. If we apply a mean correction 
of —0™11 to the sequence of Gascoigne and Kron we 
get good agreement with King over the range common 
to each, King’s magnitudes extend to star x. Beyond 
this, to star 6(mp.=17.28), the Harvard magnitudes 
are used. For the very faintest stars a small amount of 
extrapolation of the calibration curves was necessary. 
Five direct plates centered at R.A.=1'40™, 5= —73°7, 
one of 5-min and four of 10-min exposures, were used. 
The photographic magnitudes of the stars in the 
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catalogue up to number 547 are based on the magnitudes 
of stars of sequence I measured on these plates. To 
obtain the magnitudes of stars further east the stars of 
sequence IIT (1°05™, —73°9) of the Cloud (Nail 1940) 
were calibrated on these plates and two others of 
10-minute exposure using the stars of sequence I. 
Finally, to measure the magnitudes of a few stars in the 
Small Cloud wing, a new sequence was set up at R.A. 
=1555™, 6=—74°6 using the stars of sequence III as 
reference. Only two plates of 39-min exposure each 
were available to establish this sequence. 

King has obtained, but not published, photo-red 
magnitudes of the stars g—x, omitting stars s and n, 
of sequence I. These have been used to establish 6-r 
colors of the emission-line objects. The majority of red 
magnitudes were measured on each of four plates using 
King’s sequence directly. The plates were 103a-E with 
a red filter, one of 90-min, two of 30-min and one of 
10-min exposure. 

There were sometimes large magnitude differences 
between the red plates. The 90-min and one 30-min 
plate in many cases gave much brighter magnitudes 
than the 10-min and the second 30-min plates; some- 
times the agreement was excellent. It was suspected 
that this was a ‘“‘sky background” effect depending on 
exposure time. The stars & to 6 used in sequence I are 
outside the main body of the Cloud. With increasing 
exposure times, at this galactic latitude there will be 
no great increase in sky background due to fainter stars 
within the area occupied by the sequence stars. This 
is far from so in the Cloud itself. Consequently, using 
an iris diaphragm photometer, it would be expected that 
systematic differences could arise between plates of 
different exposure times if the sky background of the 
sequence stars changed little while that of the stars 
being measured changed much. Now, the 90-min plate 
and the 30-min plate which agreed with it had about 
the same limiting magnitude; this 30-min plate was a 
particularly good one. The 30-min plate which agreed 
with the 10-min plate was not as good and was com- 
parable to the 10-min exposure. These varying qualities 
of 103a-E plates are well known, the age of the plates 
being an important factor. We thus have two pairs of 
plates which can be considered as long exposure and 
short exposure. : ; 

For 117 stars completely outside the main body of 
the Cloud it was found that the mean difference, 
long-exposure plates minus short-exposure plates, was 
+002, a difference which is of no significance. On the 
other hand, each of 254 stars within the main body 
of the Cloud gave a negative difference, the mean being 
—0"63. A broad subdivision into groups across the 
Cloud from west to east according to sky background 
gave values of —0™"62, —0™80 (in the densest part 
of the Cloud), —0™63 and —0™45. Corrections of 
these amounts, with signs reversed, were applied to the 
magnitude of the stars in these groups on the two 
long-exposure plates. 
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TABLE I. Distance corrections on ADH plates. 


Center distance (cm) ie 


OE) 10.5 1S 
Am —0.0 3.0.20 0.27 0746 


To obtain the red magnitudes of the last 100 stars 
or so of the catalogue, subsidiary red sequences were 
set up as for the blue magnitudes. The last 25 stars were 
measured on two 30-minute exposure plates; the rest 
on three 30-minute exposure plates. There were no 
systematic differences between any of these. 

The same sky background effect was found, but to a 
lesser degree, between the four 10-minute exposure blue 
plates and the one 5-minute exposure. The corrections 
to be applied to the*former, corresponding to the 
corrections to the red magnitudes above, are 0™16, 
On 240222 eand Ort 

Some quantitative values of the dependence of 
derived magnitudes on sky background have been 
published by Arp (1960). These clearly show how 
important this can be as the star becomes fainter. 


CORRECTIONS FOR DISTANCE FROM PLATE CENTER 


Values of these have been published by the writer 
from eye estimates made through a binocular micro- 
scope using a graded scale of star images. Two plates 
had been exposed on Harvard Standard Region E6, 
each plate containing seven exposures of 30 sec sepa- 
rated in declination so that the sequences were situated 
at varying distances between the centers and edges of 
the plates. The differences between the calibration 
curves for the center sequence and those at different 
distances from the center gave the required corrections. 
The corrections used here are slightly different since 
measurements were with the iris diaphragm photometer 
instead of by eye. They are given in Table I. The plates 
used are circular with an exposed diameter of 25.5 cm. 
In most cases in the present paper the corrections to be 
applied were small and rarely exceeded 0™2. 


IDENTIFICATION 


The right ascensions and declinations of all emission- 
line objects have been measured by superimposing 
plates on graph paper on which stars of known positions 
were plotted. The « and y coordinates of stars of 
unknown position were transferred to right ascensions 
and declinations. These rough measurements can be 
useful for telescope setting and approximate positions 
and in some cases should suffice for identification. For 
stars in not too crowded regions X and Y coordinates 
of the Harvard system (Leavitt 1957) have been 
measured. There should be no ambiguity about identifi- 
cation of all such stars. The order of the X and Y 
coordinates does not always follow the order of the 
catalogue, that is, the order of right ascension. This is 
due partly to the rapid convergence of right ascension 
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circles at this high declination, partly to the less 
accurate right ascension measurements; a change of 
Q™1 in the latter could considerably change the number 
of a star in the catalogue. Where the star densities are 
high it is not possible accurately to measure X and VY 
coordinates on a Harvard Bruce plate print. The only 
safe method of identification is by charts, and on 
Figs. 1-4 are marked those stars which it was felt 
could not otherwise be found with certainty. 


THE CATALOGUE 


Successive columns give the catalogue number, right 
ascension and declination (1900), photographic magni- 
tude, red color index (b-r photographic) and absolute 
magnitude. The modulus (m—M)=18.7 derived by 
de Vaucouleurs (1955) has been retained. The seventh 
column gives a rough indication of the intensity, relative 
to the plate background, of H, ranging from very faint 
(vf) through faint (f), moderately faint (mf), moderate 
(in), moderately strong (ms), strong (s) to very strong 
(vs). In the remarks column the X and Y coordinates 
are given for those stars not marked on Figs. 1-4. 
Numbers in parentheses are those in the writer’s 
previous catalogue. Number 1 has been omitted; it 
seems to be a variable, possibly long period, and more 
probably belongs to 47 Tucanae than to the Cloud. 


lic. 1. Emission-line objects in 
the SMC marked on 103a-O, 30- 
minute exposure ADH plates. 
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Numbers 53, 63, 72, and 74 of the first catalogue do not 
seem sufficiently certain to be included. Although not 
point sources, the Hi spheres have also been listed, 
giving a total of 597 objects, but have been excluded 
from the analysis. 

The letter S followed by a number is the number of 
the emission-line star in Henize’s Table 4. Surprisingly, 
in this table of 65 objects there are 18 for which no 
emission can be found on Armagh plates. These are 
Henize’s numbers 1, 2, 5, 13, 14, 26, 27, 30, 31, 33, 34, 
37, 40, 41, 45, 52, 57, and 60. Number 26 is cluster 56 
in the writer’s cluster catalogue (Lindsay 1958). There 
is possibly emission in No. 34. The emission in number 
57 was considered by Henize ‘“‘doubtful” and in number 
60 “perhaps doubtful.”” Numbers 52 and 57 are the B 
stars HD 6884 and HD 7583. Three objects in his 
Table 4 were passed over. These are S10, which 
definitely has emission, and it is difficult to see how 
it was overlooked; Si5, where there seems to be 
emission but where the intensity is about equal to that 
of the continuum and thus easy to miss; and $22, where 
the northwestern of two overlapping spectra seems to 
have emission. These were noticed after the plates had 
been numbered and to avoid remarking and renumber- 
ing the catalogue they were inserted as numbers 107a, 
200a, and 280a. 


The letter N followed by a number is the number in 
Henize’s Table 5 which contains his 117 emission 
nebulae in the Small Cloud. Sixty-six of these have been 
identified with objects in the catalogue. The. outlying 
southern object (6= —76°3) was added as number 445a; 
no Armagh plate originally was taken as far south as 
this. Thirty-six of these are planetary or probably 
planetary nebulae (denoted by P), six are nebulous 
stars on red sensitive but not on blue sensitive plates, 
four are certainly and two possibly Hu spheres (the 
data in the catalogue refer to thecentral stars), two are 
of doubtful nature and the remaining 16 are ordinary 
emission-line stars. The letter C followed by a number 


refers to the Cluster number in the writer’s catalogue 
(Lindsay 1958). 


PLANETARY NEBULAE 


In the first catalogue 20 objects were listed as 
planetary nebulae and nine as probably planetary. 
Each of the 20 appeared on 103a-E prism plates with 
Wratten 25A red filter as isolated H, emission without 
continuum—a line if the spectrum was broadened, a 
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Fic. 2. Emission-line ob- 
* jects in the SMC marked on 
103a-O, 30-minute exposure 
ADH plates. 


round spot if the spectrum was unwidened. None was 
associated with nebulosity and each had a positive 
red color index. On 103a-O prism plates the VV. and 
sometimes other nebular lines are present. The nine 
objects classified as probably planetary had the same 


characteristics as the 20 but without the certainty of 


the presence of the V1» lines on blue plates. With the 
new material three of these do show the nebular lines as 
follows: No. 60 (Ni+N2); No. 142 (Ni+Noe, Hg); No. 
196 (NiN»,Hg). / 
One of the probable planetaries (No. 250) has been 
dropped. Although VN». seem to be present on one 
plate, the spectrum is variable as shown by further 
objective prism plates and a slit spectrogram taken by 
Thackeray (private communication) with the 74-inch 
Radcliffe reflector. In addition, seven new objects show 
nebular lines. They are as follows: No. 16 (ViN2); 
No. 83 (NiN2); No. 134 (NiN2,HeH,); No. 239 
(N.N»,H) ; No. 289 (NiN2,Hp,H,,Hs) ; No. 343 (NiN 2); 
No. 536 (NiN»2,Hg). Data for these 30 objects are 
collected in Table I, the first two columns giving the 
catalogue number and Henize’s number, respectively. 
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Fic. 3. Emission-line objects in 
the SMC marked on 103a-O, 30- 
minute exposure ADH plates. 


Two well-known objects rich in nebular lines are 
omitted from Table II. They are No. 481 (IC 1644) and 
No. 537. Both of these are listed in Harvard Ann. 60 as 
nebulosities. No obvious nebulosity is present but it isnot 
possible to say with certainty that there is no nebulosity 
associated with them. The magnitudes are not con- 
sidered dependable. Nevertheless IC 1644 is a bright 
object and cannot be much different from M,,=—8. 

Classifying objects as planetary nebulae independ- 
ently of blue prism plates seems reasonably safe if the 
objects are outside the main body of the Cloud. The 
H, emission has a distinctive appearance and is im- 
mediately recognizable. This is also true generally in 
the main body of the Cloud, but there are doubtful 
cases; due to the dense stellar background the H, 
emission line does not stand out so clearly. The three 
requirements for regarding such objects as planetaries 
are: little or no continuum (all objects classified as 
planetary nebulae show either no or no appreciable 
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continuum while all those classified as emission-line 
stars do), positive b-r, and the absence of diffuse 
nebulosity. The latter requirement is the difficult one. 
It is sometimes impossible to detect it superimposed 
on a dense sky background. Photometer measures of an 
object embedded in it would give a brighter red magni- 
tude and a spurious 6-r. 

It is realized, however, that these three conditions 
are necessary but not sufficient to establish identifi- 
cation of planetaries, and that’ objects so classified 
in the present work must be on a tentative basis. There 
may be a number of small diffuse nebulae whose 
diameters are below the resolving power of the ADH 
telescope (about 10’, corresponding roughly to three 
parsecs at the distance of the Magellanic Clouds). On 
the other hand, there is also the danger of a selection 
effect, namely the exclusion of true planetaries which 
are simply projected on some of the more extensive 
nebulous regions. 
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Fic. 4. Emission-line objects in the SMC marked on 103a-O, 
30-minute exposure ADH plates. 


Table III contains data on the five remaining 
probable planetary nebulae of the first catalogue and 
on 13 newly found similar objects. One could expect’ 
however that Nos. 120, 275, 305, 516, and especially 
254 could be bright enough to reveal themselves on 
blue plates. It is, of course, true that the presence of 
N,N» does not conclusively separate planetaries from 
diffuse nebulae. There is something ambiguous about 
No. 254, listed as a stellar object by Henize. On Armagh 
plates the H, emission is partially overlapped by a 
neighboring spectrum. There is some doubt about 
identification. If it is, as one would expect from the 


Taste II. Planetary nebulae in the SMC. 
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intensity of H,, an adjoining much fainter star, its | 
absence from blue spectrum plates would be understand- | 
able. In Henize’s list S19 is about two magnitudes |) 
brighter than the object listed here. | 
No red plate was taken on Nos. 358 and 445a. The | 
blue magnitudes of these are approximate, being 
measured on a single plate by transferring a sequence } 
from sequence III. Only one blue and one red plate 
were available for the magnitudes of No. 289 and these | 
were measured by transferring a blue and red sequence - | 
from sequence I. 
The frequency distribution of the absolute magni- | 
tudes of Tables IT and III is shown in Table IV. a 
All but four objects in Table II are listed as gaseous” 
nebulae by Henize;in Lable III half of the objects are’ 
so listed. The mean absolute magnitudes for Tables IT | 
and III, respectively, are —3.0 and —2.3; the mean | 
b-r colors are +0.72 and +0.67. Taking the two tables | 
together we get M,.=—2.7, b-r=+0.70. 
No doubt there are fainter planetaries to be found. 
A few suspects have been noted at the limit of one plate 
but have not been verified. Nevertheless it would seem } 
that the maximum frequency between M,.—2.0 and | 
—2.4 is probably real and not due to a limiting magni- | 
tude effect. Bierman’s (1957) relation between the 
absolute magnitude of a planetary and the difference 
in magnitude between central star and nebula gives | 
a mean absolute magnitude of —1.8 for galactic | 
planetaries. Baade (1955), searching for the brighter 
planetaries of M31, found five with M,, ranging from > 
—2.0 to —2.5, giving M,,= —2.2. One would therefore 
expect an increase in the number of planetaries with 
absolute magnitudes less than —2.5. Koelbloed (1956) 


No H Myg b-r No. H Moe b-r No. H Mys br 
14 N2 —2.3 +0.49 © 132 ee —3.4 +0. 34 239 see =2.8 SUE 
16 N4 1.6 0.7 134 N40 2.0 0.15 289 N54 PRG 0.9 
32 N5 2.4 OFa8 neo y N32 shies 0.42 321 N61 4.6 0.13 
33 N6 Died, 0.84 138 ° N33 4.0 1.65 335 N64, 4.4 0.84 
43 N7 UES 0.54 142 N34 3.6 0.80 339 N68 3.0 1.43 
45 N9 4.7 1.20 144 N38 Well 0.75 343 oor 2.0 0.20 
60 N10 50) 0.58 174 N43 Des fl 1.09 347 N70 2.6 0.66 
62 N11 4.3 0.38 184 N46 3.8 Onis Se N71 3.6 oi 
83 N18 Dal 0.58 191 N44 Dini 0.69 532 N87 2.8 0.88 

107 N26 3.9 1.14 196 N47 PEO) 0.97 536 tee LG 0.52 

Taste III. Probably planetary nebulae in the SMC. 

No. H Moye b-r No. H Mog b-r No. H Moye b-r 
1 tee —1.7 +0.3 115 N29 —2.4 + 1.01 305 ate —2.9 +0.02 
2, Ni 1.8 1.05 120 N31 Sie 0.37 323 N60 2,0 - 0.84 
41 N8 2.4 0.57 179 N42 2.4 Oo 333 N67 2.0 0.83 
49 see 2.4 0.17 254 $19 3.8 0.42 357 ae 12 0.87 

358 aes 2.9 ae 

56 0.7 1.2 275 N55 3.0 1.28 430 ee 2.0 0.41 

445a N73 ee tee 

95 1.9 0.87 302 2.3 0.36 517 N86 2.9 0.72 


EBMISSITON=— 
searching for planetaries in the Small Cloud with the 
‘Radcliffe 74-inch reflector and reaching to the 18th 
“magnitude, found no important increase in the number 
for the interval M,.—1 to —2.5, thus agreeing with the 
present result. 
The distribution of planetary nebulae is interesting 
‘and is shown in Fig. 5. There are fewer in the eastern 
than in the western part of the Cloud. In fact they are 
‘almost absent east of NGC 346. There is a preference 
for the south or southwest. Although there are a few 
outlying objects none has been found in or near the 
Cloud wing. This distribution is the same whether 
Table II is taken alone or Table III included. It is 
| so omewhat more marked if only those objects which are 
-considered to be certainly planetary nebulae are 
| alga 
__ The “wing” refers to the extension of the Small Cloud 
found by Shapley (1940) at approximately 28—75° 
while “tidal arm,” referred to below, is used for the 
_ connecting link between the main body of the Cloud 
_and the wing. It is not thereby implied that there are 
two distinct phenomena; the differentiation is for 
convenience in describing these regions of the Cloud. 
The term tidal is also used without prejudice as to its 
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es nebulae in the SMC (Tables Il and 
III) marked on a 60-minute ex- 
posure MF plate. 
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TABLE IV. Frequency of absolute magnitudes of 
planetary nebulae (Tables IT and III). 

—Moys No —Mp, No —Mye No. 
0.5-0.9 1 2.0-2.4 15 3.5-3.9 6 
1.0-1.4 2 2.5-2.9 9 4.0-4.4 4 
1.5-1.9 5 3.0-3.4 6 4.5-4.9 2 


origin. As de Vaucouleurs has pointed out (1954), its 
interpretation and that of similar phenomena offers a 
challenge to theoretical workers. 


ABSOLUTE MAGNITUDES AND 0-7 COLORS 


The distribution of absolute magnitudes and 6-r 
colors are given in Table V. The table contains 545 
emission-line stars, planetary nebulae and H11 spheres 
being excluded. 

Although the absolute magnitudes range from —0.6 
to —7.5, 65% are included in the interval —3.5 to 
—4.9 and 83% between —3.0 and —5.4. The concen- 
tration of b-r colors within narrow limits is to be 
expected since most of the emission-line stars are no 
doubt of spectral class B. Sixty-two percent are within 


176 E. M. 


Taste V. Distribution of absolute magnitudes and 6-r colors of emission-line stars. 
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b-r — = = ae qu + Te 

aM. 1.41.0 0.9-0.5 0.40.0 0.10.5 0.61.0 1.11.5 1.6-2:0°2.1-2.5 
0.5-0.9 1 1 2 = 
1.0-1.4 2 1 3. 
3-19 1 2 2 1 6 A 
2.0-2.4 1 3 4 3 1 12 : 
2.5-2.9 3 5 5 5 8 26 
3.0-3.4 28 15 7 2 1 33 
3.3-3-9 = 78 15 + 1 102 
4.04.4 18 112 12 5 1 1480 
4.5+4.9 22 68 15 105 
5.0-5.4 13 29 - 1 47 I 
Seas 6 10 7 1 24 
6.0-6.4 + Re) 2 1 12 G3 
6.3-6.9 2 1 3 va 
7.07.4 1 1 : 
7.3-7.9 1 eas if 

hr 67 337 76 27 14 17 = 2 1 545 i 
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the 6-r limit —0.5, —0.9 and nearly 90% between 0.0 
and —1.4. There are, however, a few very red giant 
emission-line objects. The 480 stars with negative 
colors have a mean 6-r of —0.69 and a mean absolute 
magnitude of —4.3. The corresponding values of the 
65 stars of positive colors are +0.82 and —2.9, their 
mean absolute magnitudes being thus 1.4 fainter than 
the blue stars. The mean values for the planetary 
nebulae are 6-r=+0.70 and M=—2.7, both being 
much the same as the red stars. 


--O 


oo +O 


Fic. 6. Relation between absolute magnitudes and (6-r) 
colors for emission-line stars in the SMC. 


Figure 6 gives the plot of absolute inagertudal 
against 6-r. This association of stars of negative b+} 
colors with a few giants and supergiants was also found | 
by Nail and Shapley (1953) in five constellations of the 
Large Cloud and by Arp (1958b) for the general field | 
population of the Small Cloud. There too, the spread | 
in color indices was large and the presence of many ] 
stars bluer than —0.5 inchieated a negligible amount of 
space absorption. With H, emission-line objects the | 
spread in red color indices for any absolute magnitude | 
should be quite pronounced since it is partly a result of 
the variation of emission intensity. 

The values of b-r color and absolute magnitude foul 
stars of negative b-r were averaged at different parts of i] 
the Cloud and the values are shown in Fig. 7. Co-_ 
ordinates are XY and Y Harvard numbers. ee 
were taken over areas where the 6-r colors were reason-_ 
ably constant. By omitting planetary nebulae, Am | 
spheres, positive b-r colors, and a few isolated objects, _ 
451 stars are left to be included in the distribution. — 
Of these, 353 are in the main body of the Cloud bounded | 
by X 9300-17700 and Y 5700-14100. The three circles | 
represent objects scattered over a fairly large area; the | 
southeast circle includes objects up to and in the Cloud 
wing. : 

Paes west to east across the Cloud there is a | 
region of maximum blueness in the center and densest _ 
part. On either side of this and above and below it the 
stars are less blue and, broadly speaking, this is more jf 
marked the farther the distance from the main body. j 
In the tidal arm in the neighborhood of NGC 456 the — 
average b-r is —0.53. Further east, towards and in the 
Cloud wing, it averages as low as —0.41. Here in the 
wing, and not found elsewhere, are more red emission- 
line stars than blue, only 47% of the total having a 
negative b-r. In the main body of the cloud only 5% of © 
the emission-line stars are red. The average absolute 
magnitudes are fairly constant over all regions, although —j 
further subdivision of the central areas suggests a 
preferential region for brighter absolute magnitude 
and bluer stars. 
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It is clear, of course, that overcorrection of the red 
magnitudes or undercorrection of the blue magnitudes 
(or both) for sky background could account for some, 
but not all, of the results. 

The blueness in the central portions of the SMC and 
the change in color away from the central regions 
have been found photoelectrically by Hogg (1955) 
and by Elsasser (1958). Figure 8 shows the change in 
color across a section of the Cloud between Y=6300 
and Y=8100. In the upper curve (a) only stars with 
negative b-r colors are considered; in the lower curve 
(b) all emission-line stars. The inclusion of all emission- 
line stars makes a pronounced difference in the wing of 
the Cloud. 

The approximate declination of the section in Fig. 8 
is —73°7, which is somewhat south of Hogg’s section. 
His measurements do not reach so far from the central 
portion as Elsasser’s and the author’s. Bearing in mind 
that the data of Hogg and of Elsasser relate to the 


‘integrated light of the Cloud, and thus probably to a 


fainter mean absolute magnitude, and the danger of 
drawing conclusions about Cloud colors from a hetero- 
geneous sample of emission-line stars, the three sets of 
data agree regarding the blueness of the central portion 
and changing color as we depart from it. Elsasser 
obtained a color index of +0.87 for the outermost area 
of the cloud. The emission-line stars indicate a difference 
of about 1 mag. between the central portion and the 
wing. 

As Hogg pointed out, it is difficult to account for 
these color changes as due to absorption. A more likely 
interpretation is different stages of evolution. It is not 
improbable that the wing in particular represents an 
extreme condition in the SMC. There are only a few 
clusters here and they are not conspicuous; there is no 
evidence of nebulosity on long-exposure ADH _ blue 
or red plates; there seems to be a large proportion of 
red stars. There are thus the indications of a more 
nearly pure Population II and the cessation of star 


_ formation. 
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’ Fic. 7. Distribution of mean (6-r) colors and absolute magni- 
tudes (each negative) in the SMC and number of stars used. 


Ordinates and abscissae are X and Y coordinates. 
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Fic. 8. Change in (6-7) color across a section of the cloud at 
6= —73°5 approximately. Right ascensions are also approximate. 
The number of stars is given. (a) Upper curve: only stars with 
negative b-r colors. (b) Lower curve: all emission-line stars. 


THE DISTRIBUTION OF EMISSION-LINE STARS 


There is nothing unexpected in the distribution of 
the emission-line stars. They are first found just east 
but two degrees south of 47 Tucanae. From there, a 
small belt leads to the main body of the Cloud. The 
bulk of emission-line stars are distributed fairly evenly 
throughout the main body although there is a small 
area of avoidance between X (13500-15900) and 
Y (6300-8700). This small region is also devoid of 
clusters. It is noteworthy that Arp (1959) finds a larger 
proportion of older SMC stars in the neighborhood 
o: NGC 419 (at the VE edge of the above) than in any 
other field he has investigated. As he has pointed out, 
this southeast portion of the Cloud seems to be a region 
of earlier star formation. The main body is connected 
to the wing by a bridge of emission-line stars along the 
tidal arm. They end in the wing. This supports the 
evidence from the distribution of clusters (Lindsay 
1958) that the wing belongs to the Cloud and is not a 
separate system. The link between the two, however, 
so far as emission-line stars and clusters show, is weak 
around a= 1'40™ 6= —73°40’ suggesting that the wing 
has almost but not quite broken away from the tidal 
arm. There is a definite gap between the emission-line 
stars of the Small and Large Clouds. 

The extent of the Small Cloud as shown by the 
outlying emission-line objects is identical with that 
given by its outlying clusters. 
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CATALOGUE OF EMISSION OBJECTS 


b-r My If ~ Remarks 
+0.3 —1.7 m 3816155220 ie i 
+1.05 1.8 m 5022 6042 Ni, P ; 
+0.0 2.4 vi 6000 4104 a 
—0.69 4.6 m 6420 3444 ; 
—0.24 4.9 m 6432 4134 ; 
+1.7 0.9 mf 5862 9918 el 
+1.4 1.4 f 6120 7620 he 
+0.54 Died f 6258 7998 i 
+1.17 1.9 mf 6594 6258 | 
—1.07 4.4 m 6678 7596 A i 
—0.55 32 i 6816 7470 1 i 
4.4 . 7056 5676\Uncertain whether Nos. 12 and 13 are!) 
+0.33 2.8 7068 5676freally emission objects. They are con- | 
nected by a bar of nebulosity correspond- | q 
_-ing to N3 | 
+0.49 Us| m 6552 13260 (2), N2, P io 
+0.93 2.8 mm 7248 6180 aI 
+0.70 1.6 mf 7536 7872 N4, P | 
—0.73 Sie f 7866 6174 | 
—0.68 oe mf 7848 6402 
+0.27 DES mf 7938 7380 
—0.71 4.3 m 8130 7938 
—0.71 3.6 mf 8262 6690 
—0.96 4.1 vi 8586 5922 
—1.00 4.3 m 8634 6408 
—0.85 Sal mf 8664 6012 if 
—0.92 4.4 mf 8670 7344 ay 
—0.86 4.4 m 8646 7980 | 
—0.52 3.9 m 9074 12474 
—0.71 4.3 m 9204 6780 
+0.63 DO mf 9200 12258 
—0.64 Sel vi 9336 6900 
+1.39 DISS, m 9084 11112 
+0.48 2.4 S 9264 9642 (3), N5, P 
+0.84 pp) s 9522 5916 (4), N6, P 
—0.56 4.0 m 9552 8772 
+0.86 2.6 vid 9768 5352 
—0.60 3.4 mf 9414 12612 
+1.05 2.9 mf 9630 8304 
—0.78 4.1 m 9762 6972 
—1.18 4.8 m 9804 5880 
—0.73 3.9 m 9690 10236 
+0.57 2.4 m 9810 8778 N8, P 
—0.80 3.4 vi 9972 6222 
+0.54 aS) s 9792 10092 (5) Nie 
+1.3 ise! var 9948 8448 (7) 
+1.20 4.7 vs 9918 8652 (6), N9, P 
—0.23 $23 f 9936 8148 ~ 
—0.74 4.2 m -9996 7122 
—0.11 4.4 ms 10008 7200 (8), S3, NGC 242, bl. witha star 
Seely ) yal ms 9966 9084 P 
—0.03 2.8 vid 10074 8010 
—0.74 Sel f 10170 5940 
—0.70 4.3 mf 
—0.51 3.9 m 9942 11298 
—0.57 3.0 vi 10194 7032 
—0.67 Sah vid F 
“$1.2 0.7 f 10140 9870 P 
—1.12 4.5 m 
—1.02 5.0 m 
—0.57 4.8 m 
+0.58 S.5) vs (10), N10, P, bl. with two stars | 
—0.62 4.3 m 
+0.38 4.3 vs (11), Nii, P, bl. with a star 
—0.34 Se S 10242 9894 (9), S4 
—0.59 4.3 m 
—0.73 4.9 m 10140 14095 
+0.3 1055 f 
—0.56 0) (12), NGC 248 
—0.56 5.0 s (13) 
—0.40 ore vi 
—0.78 3.8 f 9918 6984 
+0.36 4.1 m 10506 6276 bl. with a star 
—0.65 —3.6 vi 
—0.71 326 vi 10608 6294 
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R.A: Dec: Myg b-r Mog I Remarks 

042.3 —72 32.9 14.75 —0.50 —4.0 m 10428 12522 
42.5 73 39.6 15.19 —0.48 ga5 mf 
42.7 72 56.0 15255 —0.46 See vid 10542 11040 
42.7 (3, 3554 13.96 —0.63 4.7 m 
42.8 73 39.0 12.96 | —0.39 Sal s (14) 
42.8 73 47.6 14.27 —1.00 4.4 m 
42.9 (key 2 Seal 14.92 —0.69 3.8 f 
42.9 73 45.0 13.56 —0.53 Sail m 
43.1 Han o5.8 14.33 +0.52 4.4 m 
43,2 Wy PAL 16.62 +0.58 Pasi | m N18, P 
43.2 73 42.5 13.70 —1.13 5.0 mf 
43.3 73 41.4 12.53 +0.80 6.2 vs (15), S6 
43.3 73 46.9 13.26 +0.85 4.4 m Goyer Ss/ 
43.4 74 13.0 14.58 —0.44 4.1 mf 10914 6432 
43.5 es S50) 13.28 —1.19 5.4 m 
43.5 73 59.5 16.25 +1.40 mAh m 
43.6 74 01.2 14.47 —0.62 4.2 mf NGC 265 
43.7 73 39.6 12.87 —0.95 5.8 m 
43.8 73 41.3 15.74 +0.70 3.0 f 
43.8 Ths) SPF 14.75 —0.76 4.0 vid 
44.0 73 49.2 15.29 —0.40 3.4 m 
44.1 73 03.6 16.80 +0.87 1.9 ms 10944 10602 P 
44.2 73 48.2 13.56 —0.71 Seal ms N20, elongated 
44.3 13! 35,9 14.88 —0.63 3.8 vi 
44.3 73 41.8 12.92 —1.10 5.8 vid 
44.3 73 43.8 12.48 —0.95 6.2 m 
44.3 73 54.0 14.57 —0.61 4.1 f 
44.4 73 05.0 14.31 —0.57 4.4 m 11004 10542 
44.4 73 40.3 1SaS —0.92 5.0 vid 
44.5 72 27.8 14.74 —0.63 4.0 m 11016 12774 
44.5 74 19.9 14.25 —0.71 4.4 m 11202 6024 
44.6 72 39.0 15.44 —0.51 BS vi 11058 12108 
44.6 73 47.3 13.51 —0.82 52 m (17), N25, Hu sphere 
44.6 73 47.8 14.80 +1.14 3.9 vs (18), N26, P 
44.7 73 24 14.19 —0.07 4.5 ms 11146 9369 S10 
44.8 73 16.4 13.45 —0.48 ee, ms 11142 9834 (19), S9 
44.9 73 07.9 14.11 —0.52 4.6 m 11160 10380 
44.9 [3 BI 14.27 —0.69 4.4 vid 
44.9 73 36.8 14.09 —0.90 4.6 mf 
44.9 73 48.0 14.57 —0.73 4.1 vf 
44.9 73 53.8 15532) —0.45 3.4 m 
45.0 72 44.7 13.64 —0.70 yal! ms 11136 11760 S8 
45.0 73 31.0 16.28 +1.01 2.4 $ (20), N29, P 
45.0 73 47.1 14.43 —0.92 4.3 mf 
45.0 74 12.7 5552 —0.58 Se vid 
45.1 252.8 15522 —0.56 35 mf 11256 11274 
45.1 73 36.0 15517, —0.83 Se) m 
45.2 (fy SP} 15.46 +0.37 ne s (21) PeeINSileee. 
45.2 74 21.0 14.11 —0.99 4.6 vid 11370 5934 
45.3 (23139 14.32 —0.61 4.4 m 11232 12180 
45.3 (22 Sees 14.95 —0.43 3.8 mf 11268 11262 
45.3 73 48.9 13.95 —0.84 4.8 m 
45.4 73 40.7 13.71 —0.46 5.0 vi (22) 
45.4 73 42.7 14.19 ~ —0.76 4.5 vs N30A, diffuse, bl. with a star 
45.4 73 46.8 14.06 —1.01 4.6 mf 
45.4 73 56.9 14.91 —0.55 3.8 mf 
45.4 73 58.3 13.97 —0.99 4.7 m 
45.5 72 27.8 14.34 —0.66 4.4 m 11280 12780 
45.5 TES ED 16.44 +1.29 Qe m 
45.5 73 40.7 15.25 +0.34 3.4 m (GQ 12 
45.6 72 40.0 15.50 —0.47 one f 11340 12066 
45.7 74 16.2 16.65 +0.15 2.0 m 11808 6282 N40, P 
45.7 74 23.4 14.87 —0.73 3.8 mf 11496 5790 
45.8 73 08.5 14.53 —0.56 4.2 mf 11424 10332 
45.8 73 21.0 14.97 +0.42 Sed vs (25) NG 2a 
45.8 73 59.7 14.71 +1.65 4.0 vs @4)- N33, P 
46.0 73 56.4 14.44 —0.75 4.3 vid 
46.0 74 50.3 13.96 —0.81 4.7 m 11640 4164 
46.1 73 09.8 15.02 —0.93 Sell f 11508 10248 
46.2 73 42.8 15.09 +0.80 3.6 s (26), N34, P, bl. with a star 
46.3 73 55.4 13.88 —1.13 4.8 m 
46.3 1417.5 16.01 +0.75 2.7 s 11640 6180 (27), N38, P 
46.4 73 08.5 15.02 —0.57 Sheu vf 11574 10332 

1» 46.5 73 .53.8 eis —1.14 4.9 f 
46.7 72 45.5 13.10 —1.01 5.6 m 11646 11736 
46.7 EDT ps) 14.31 —0.76 4.4 m 11634 11040 
46.7 74 01.7 14.89 —0.91 3.8 m 
46.8 72 41.5 15.14 —0.77 3.6 vi 11670 11988 
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TAGNaD S7AY 
I Remarks 
ms N39 
f 
ms S11 
f WAS Maken 255 
m 11754 11868 
f (29) 
m 
m 
f 
ms (30) 
f 11850 6798 
f 11760 10704 
m 
ms $12 
vid 
ms (31); N41 
m ee —- 
vi (28) 
mf 
mf 11862 10950 
m 
mf 
f 11874 13620 
s 11976 5388 (33), N43, P 
vid 11910-11454 
mf 
m 
vi 
ms (62).) N42 VP 
mf 
vi 
mf 
mf nebulous, bl. with three stars 
vs (36), N46, P, nebulous bl. with three stars 
ms 
f 
vi 
f 
vs (35), N45, nebulous 
mf 
s 12036 14622 (34), N44, P 
m 
mf 
if 
m 
s (ipa. INES Ae 
f 12120 13392 
vid 
mf 
f . 
m 12152 11950 S15 
f 
mf 
vi 
mf 
vi 
ms $16 
m 
a / 
f Cl. 45 
vi 
vid 
mi 
f 
vi 
mf 12328 13488 
vi 
m 
f 
m N51, nebulous 
m Cl. 46 
vid 12324 12606 
vid 
f 
f 12342 12540 
m 
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Dec. Mpg b-r Mog ih Remarks 
—73 16.6 1922 tS —5.5 mf bl. with a star 

iis) 0B" 15.03 —0.46 Sli m 

73 49.4 14.61 —0.71 4.1 vi 

73 01.6 15.71 —0.47 3.0 mf 

(RY Sys 15.16 —0.83 SES f 

73 51.0 14.45 —0.66 4.2 f 

73 52.6 16.32 +0.74 2.4 vi 

72 58.6 15.02 —0.82 Se vid 

f2 597. 14.47 —1.18 4.2 f 

Hoe. 13.97 —1.14 4.7 mf 

Hil Soar 14.28 —0.79 4.4 m 12420 14862 

73 16.5 fet —0.80 3.6 f 

73 16.9 15.93 +0.30 2S m 12) 

72 48.3 14.17 —1.01 4.5 m 

72 14.0 14.22 —1.03 4.5 mf 12552 13602 

73 06.4 1ST —1.22 5.0 mf 

Hoel 2 14.63 —0.38 4.1 S (39), N52A, possibly Hir sphere 

Heesuke®) 14.61 —0.40 4.1 s (40), N52B, possibly Hr sphere 

73 42.5 12.99 —0.61 Sen s (38), S17 

72 44.7 14.55 —0.84 4.2 m 

72 06.7 14.02 —0.78 4.7 m 12654 14040 N53 

72 44.0 15.39 —0.81 eke} f 

72 49.4 15.41 —0.84 Ae vi 

73 14.5 13-31 +1.03 5.4 vs (41), S18 

72 49.2 ieee el —0.71 4.9 m $20 

72 58.4 14,53 —1.03 4.2 mf 

CR rea 14.47 —1.00 4.2 vid 

oLO2)-2 14.93 +0.42 3.8 m (22); S19; P 

72 03.2 15537 —0.82 3)a0) f 12876 14250 

72 45.6 14.92 —0.89 3.8 f 

72 59.5 14.44 —0.88 4.3 f 

73 14.2 14.65 —0.71 4.0 vid 

73 01.4 13.49 —0.88 Se m 

73 02.3 14.32 —0.83 4.4 f 

Tey SURO) 15.41 —0.72 Se! vid 

PAS ay 14.13 —1.09 4.6 f 

hoed2<9 14.31 —0.90 4.4 f 

73 37.4 14.24 —0.81 4.5 f 12868 8580 

72 54.6 14.96 —0.88 Sui f 

72 53.0 13.92 —0.71 4.8 m 

72 56.2 14.52 —0.73 4.2 mf 

73 16.7 13.97 —1.10 4.7 f 

73 06.4 15.16 —0.30 3.5 vi 

73 14.7 15.95 —0.45 2.8 f (43) 

72 09.7 15.28 —0.83 3.4 vi 13008 13956 

72 36.3 14.45 —0.57 4.2 vid 

73 28.9 13.00 —0.83 Dell ms 12930 9108 S21 

72 30.4 14.78 —0.61 3.9 m 12996 12624 

72 35.6 ISI Alt +1.28 3.0 vs (44), N55, P 

73 01.2 14.82 —0.72 3.9 f 

72 29.4 14.74 —0.78 4.0 f 13026 12684 

73 46.1 15.25 —0.75 3.4 vi 12960 8046 

13 5927 -~~—14.33 ! —0.74 4.4 m 12990 7248 N56 

73 54.4 15.11 —0.08 3.6 vid 13014 7572 

72 38.9 14.50 —0.04 4.2 m 13051 12091 S22 

72 46.3 14.82 —0.86 set) m 

73 06.0 14.49 —0.63 4.2 vi 

72 19.8 15.34 —0.59 3.4 f 13170 13242 

72 32.4 14.46 —0.73 4.2 f 13158 12486 

72 36.6 14.54 —0.77 4.2 mf 

(PA 14.11. —0.74 4.6 m 

73 43.9 15.26 +1.25 3.4 m 13086 8172 

74 08.4 14.76 —0.66 3.9 f 13152 6702 

70 52.1 16.0 +0.9 Did m 13200 18600 N54, P 

WOES °8 15.00 +0.41 Sadi vid 13242 13602 

(PAR hay 14.56 +0.51 4.1 m 13224 12570 

72 41.4 13.06 +0.57 5.6 ms (45), S23 

EP ere | 14.96 +0.81 Sel, vi 13176 8856 

73 56.2 14.59 +0.89 4.1 vi 13206 7470 

74 01.1 15.87 +0.40 2.8 vi 13188 7176 

72 30.0 14.24 —0.67 4.5 m 13254 12582 

TP yeas) 14.40 —0.83 4.3 f 

73 00.6 14.27 —0.64 4.4 m NGC 330 

74 10.0 15°27 —0.79 3.4 vi 13218 6606 

fe 12.5 14.96 —0.66 oul vid 13302 13686 

73 09.6 13.68 —1.11 5.0 m 

72 39.2 16.40 +0.36 Hew) m ie, 
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No. R.A Dec Mpg b-r Mos I Remarks 
303 0552.8 —73 00.6 13.99 —1.31 —4.7 mf NGC 330 

304 53.0 72 50.9 14.94 —1.06 3.8 vid * 

305 53.0 72 58.8 15.76 +0.02 2.9 m Pi) INGC2330 

306 53.0 73 32.8 14.99 —0.72 Salt vid 13284 8868 

307 53.0 73 34.9 14.09 —0.68 4.6 m 13272 8736 

308 53.0 73 43.6 14.53 —0.72 4.2 mf 13290 8202 

309 Sh 1! UREA EAD 13.52 —0.52 ys?) m 

310 Bay 72 44.9 14.22 —0.71 4.5 m 

311 53.2 74 08.4 14.27 —0.63 4.4 m 13368 6810 

312 Sono 72 49.0 15.09 —0.74 3.6 vi 

313 53:3 13> LOK 13.54 —1.05 5.2 m 

314 535 73 34.8 (es —0.64 5.4 ms 13350 8748 (46), S24 

315 53.4 72 51.8 15.00 —0.91 Bei vi 

316 S05) 73 33.9 ee? —0.44 3.0 vi \ 13440 8742 

317 53a7 72 18.6 154 Oi —0.32 3.5 f 13590 13314 

318 53.7 SAU fea 14.94 —0.75 3.8 mf 

319 53.8 (1258.2 15.19 —0.64 S25 mf 13662 14532 

320 53.9 12038:.0 12.95 —0.36 5.8 ms 13572 42408™ (47), S25 

321 53.9 73 05.4 14.08 +0.13 4.6 vi ~ (48), N61, P 

322 53.9 73 34.4 15.14 =0.58 Sr6 f 13542 8784 

B23 53.9 74 46.0 16.73 +0.84 2.0 m 13440 4470 N60, P 

324 54.1 72 49.8 15.61 —0.57 Sail vi 

325 54.1 73 12.9 14.84 —1.13 3.9 f bl. with a star 

326 54.4 72 20.6 15.00 —0.37 Sai m 13740 13134 N65 

327 54.5 72 28.5 14.53 —0.59 4.2 f 13734. 12720 

328 54.5 72 40.1 15.00 —0.75 3.7 vid 

329 54.5 73 09.6 Liste yfil —1.00 5.0 vi 

330 54.8 (Pee ASS) 14.53 —0.52 4.2 mf 13860 13386 

331 54.8 T3eldes 14.64 —0.77 4.1 s (50), N63, Hi sphere 

332 54.8 73 18.4 13.58 —0.68 weil mf (49) 

333 54.9 72 07.7 16.69 +0.83 2.0 s 13926 13968 N67, P 

334 55.0 72 46.0 14.50 —(.80 4.2 vi NGC 346 

335 55) 1 13° Loe 14.34 +0.84 4.4 vs (51), N64A, P, bl. with a star 
336 a 72 44.7 13.79 —0.63 4.9 mf NGC 346 

337 5552 72 54.4 15.10 —0.79 3.6 vi 

338 Sey? (PMS 14.20 —0.88 4.5 mf 

339 55.2 73 00.5 15.71 +1.43 3.0 s (62), N68, =P 

340 S53 (WSS) 14.75 —0.91 4.0 vi 

341 55.3 73 08.6 14.42 —(.62 4.3 mf 

342 55:4 (2ZA325 14.71 —0.76 4.0 mf (54), NGC 346, bl. with a star 
343 55.4 73 30.0 16.70 +0.20 2.0 mf 13902 9060 P 

344 5525 73 10.8 14.63 —0.73 4.1 vi 

345 55.6 72 42.8 15.04 —0.36 Sal m (57), NGC 346 

346 5507 2 AO 15.34 —0.65 34: vi 14130 13422 

347 55.8 72 34.1 16.07 +0.66 2.6 ms 14094 12378 (56), N70, P 
348 55.8 72 59.4 14.11 —1.02 4.6 m 

349 55.9 72 41.5 14.63 +0.15 4.1 ms (58), NGC 346 

350 55.9 (Pe Seal 13.90 —0.23 4.8 s (55), NGC 346 

351 55.9 73 24.9 14.94 —0.17 3.8 vi 

352 56.0 (PASSA? 1225 —0.50 6.4 s 14160 12432 (60), S29 

353 56.0 72 42.1 11.20 —0.88 Gas x ., (89), S28, NGC 346, 0 
354 56.1 72 42.6 Seo —0.47 Sf) f NGC 346 

355 56-1 (PROS 14.25) —0.89° 4.4 m | 
356 56.1 73 25.0 16.01 41.24 * 2.7 vi 
357 56.2 12101 17.48 +0.87 fied) f 14172 13830 P ' 
358 56.4 (SS BRAS 15.8 oo 2.9 ms P 

359 56.5 72 30.6 14.65 —0.66 4.0 m 14298 12594 . 

360 56.6 (S130 14.99 —0.60 Gall f 

361 56.7 72 06.1 14.72 —0.66 © 4.0 mf 14388 14058 

362 56.7 73 05.0 14.78 —0.89 3.9 vi / 
363 56.7 13) 2ie6 14.00 —0.13 4.7 m 14256 9162 (61) 

364 57.0 73 20.4 14.27 —0.65 4.4 mf 

365 Cypatl ID52,8 14.22 —0.70 4.5 m 

366 Misi! PRIS?) 14.89 —0.53 3.8 mf 

367 Sal 74 50.2 16.05 —0.75 2.6 fi 14256 4266 

368 Shee 73 07.6 14.79 —0.62 3.9 vi 

369 Bias! zed 14.86 —0.97 3.8 mf 

370 DIES 72 58.1 15.18 —0.71 325 vid 

371 57.4 73 09.6 14.54 —0.51 4.2 mf 

372 57.6 72 08.0 15.08 +1.31 3.6 vs 14610 13980 (62), N71, P, bl. witha star 
373 57.6 72 33.0 14.34 —0.83 4.4 f 14580 12420 bl. with a star 
374 57.6 73 09.6 13.78 —0.77 4.9 m : 

375 57.6 74 01.1 14.70 —0.95 4.0 f 14448 7110 3 
376 Whol 72 00.0 14.86 —0.50 3.8 m 14670 14412 

377 57.8 73 00.0 15.46 —0.45 Ba) vi 

378 Seo 73 20.1 14.61 —0.55 4.1 mf 

379 58.0 72 18.2 14.31 —0.66 4.4 m 14718 13296 

380 58.1 72 24.7 14.59 —0.60 4.1 f 14736 12912 


Bevo LON i LNE OBE Cis! TN SMC 183 


R.A. Dec. Mpg b-r Moe If Remarks 
0558.1 —72 55.5 1S=25, —0.59 —5.4 m $32 

58.1 73 06.1 14.38 —0.70 4.3 m 

elsieee W2 S021 14.67 —0.80 4.0 f 

58.3 72 27.6 13.81 —0.89 4.9 mf 14814 12732 

58.4 te 2525 15.16 —0.93 Sho) f 14826 12870 

58.5 (Ser? 14.21 “ —0.88 4.5 f 

58.5 72 43.0 15.05 —0.71 3.6 vid 

58.5 Ho: 1984 14.68 —0.51 4.0 f 

58.6 122 SSA} 14.66 —0.31 4.0 vi 

58.7 72 01.9 13.78 —0.87 4.9 m 14940 14286 S35 

“58.9 12 54.3 13.90 —0.64 4.8 f 

59.0 72 40.6 14.69 —0.93 4.0 f NGC 371 

59.3 (PBST WA Ths) —1.04 6.0 m NGC 371 

59.3 72 40.8 14.38 —0.90 4.3 mf NGC 371 

59.4 72 25.6 15.26 —0.85 3.4 f 15084 12882 N77B 
- 59.4 73 00.8 14.29 —0.57 4.4 m 

59.4 73 02.0 14.26 —0.73 4.4 f 

59.4 73 22.8 13.64 —0.60 sya m 14970 9408 (64) 

59.5 72 18.2 14.24 —0.93 4.5 mf NGC 371 

59.5 72 25.4 14.19 —0.76 4.5 vs 15108 12896 (65), N77, Hi sphere 

59.5 72 40.1 14.16 —0.55 4.5 f NGC 371 

59.5 72 45.8 13.99 —0.88 4.7 m 

59.5 (SS ASS 14.84 —0.82 Soyeuse) vi 

59.6 72 36.9 12.62 —1.03 6.1 vi NGC 371 

59.7 WO OOod 14.13 —0.89 4.6 m N76B, NGC 371 

59.7 TZ SUT. 13.16 —0.81 525) m $36 
SOC 73 02.5 13.85 —0.60 4.8 mf 

59.7 73 15.8 14.67 —0.40 4.0 f 
0559.8 73 26.1 14.82 —0.74 3.9 vi 15072 9210 
100.1 72 34.4 NB IBTAT —0.24 4.9 m NGC 371 

00.1 Te ieee 15.21 —0.68 S156) vid 

00.2 72 36.0 14.99 —0.79 Saul f NGC 371 

00.2 73 26.1 14.36 —0.47 4.3 mf 15156 9216 

00.3 2s 2250 14.81 —0.50 3.9 f 15360 13074 

00.3 T2ES5 25) 15.65 —0.23 3.0 f NGC 371 

00.3 2 Seip 15.18 —0.55 2)50) mf 

00.4 72 37.8 14.70 —0.38 4.0 mf NGC 371 

00.4 (245-5 13.48 —0.26 Sie ms (66), S38 

00.5 (PRIS 13.86 —0.85 4.8 f NGC 371 

00.5 T2335. 15.65 -+0.05 3.0 ms N76a, NGC 371 

00.5 72 45.0 14.14 —0.77 4.6 m 

00.6 72 40.7 13.95 —0.76 4.6 m N76c, NGC 371 

00.6 fouls 14.10 —0.84 4.6 mi 

00.7 72 28.5 14.12 —0.77 4.6 m 15438 12684 NGC 371 

00.8 73 05.3 12.68 —0.99 6.0 m $39 

00.8 SY MY 13.46 —0.93 S174 m 

01.0 72 59.2 14.17 —0.72 4.5 mf 

01.1 is AQaal 14.89 —0.81 3.8 f 

Ovs2 72 34.0 13.89 —1.02 4.8 m NGC 371 

01.2 73153..9 16.66 +0.41 2.0 f 15330 7560 P 

01.3 106 PAG? 13.67 —0.67 5.0 ms (68), NGC 395 

01.3 72 50.1 14.46 —0.96 4.2 f 

01.4 72 51.8 14.49 —0.55 4.2 mf 

01.5 72 49.7 14.35 —0.65 4.4 f 

01.5 (PL Mrs 14.03 —0.77 4.7 f 

01.6 72 37.8 13.88 —0.85 4.8 m 

01.6 73 18.6 12.88 —0.59 5.8 ms (67), S42 

01.8 72 30.9 15525 —0.06 3.4 vs (71), N78s, NGC 395, nebulous on red plates 

01.8 72°31.4 14.28 —0.46 4.4 ms (73), NGC 395, bl. or nebulous 

01.8 20527 13.60 —0.97 So it 

01.8 72 56.8 13.02 —0.49 Sel ms (69) S43 

01.8 SPARES 15.00 . —0.38 Sat vi 

01.9 73 21.8 14.21 —0.38 4.5 f 

01.9 2 50.2 13.56 —0.69 Set m (70) 

01.9 73 19.9 14.75 —0.52 4.0 mf 

O24 76 20 17.0 ieee m Nos 

02.3 73 00.6 14.56 —0.83 4.1 f bl. with a star 

02.5 72 18.2 12.80 —0.48 5.9 s 15948 13278 (75), S46, O 

02.5 72 57.8 13.28 —0.52 5.4 m (77), S44 

02.7 73 04.5 14.44 —0.61 4.3 f 

02.8 72 23.4 14.34 —0.97 4.4 mf 16020 12948 

02.8 (PRSPARO 14.45 —0.56 4.2 mf 

02.9 72 49.6 13.00 —0.41 yet | ms S47 

02.9 Wook. 4. 14.04 —0.71 4.7 f 

02.9 fe 0153 14.88 —1.21 338 f 15606 3384 

03.0 72 44.4 13.05 —1.31 5.6 m 

03.1 (GA BUS 14.46 —0.30 4.2 vi 

03.1 72 59.8 12.66 —0.78 6.0 ms S49 
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No R.A Dec. Mpg b- M og wf Remarks 
458 1403.1 —73 29.5 15.29 —0.63 —3.4 f 15906 8964 

459 03.2 73 18.4 14.97 —0.63 Shi vi 

460 03.3 72 40.3 14.33 —0.65 4.4 f 

461 03.3 73 17.0 15.19 —0.63 320 vi 

462 03.4 72 49.2 14.57 +0.29 4.1 f (73), S50 

463 03.5 73 47.8 1S co —0.31 5.0 m 

464 03.6 72 30.6 14.10 —0.58 4.6 m S51 

465 03.6 72 34.1 14.18 —0.69 4.5 f 

466 03.6 73 42.4 13.05 —0.39 5.6 ms 15990 8190 (76), S48 

467 04.0 fA eal 14.26 —0.90 4.4 f 

468 04.1 12 SD eal 14.19 —0.78 4.5 mf 

469 04.5 72 47.4 13.46 —0.92 Sz f 

470 04.5 (2 D4e0 14.15 —0.60 4.6 f 

471 04.5 73 06.3 13.67 —0.78 Syl) m N79, nebulous star on red 

472 04.6 72 53.4 14.15 —0.57 4.6 m 

473 05.2 72 49.2 14.06 —0.54 4.6 m 

474 05.4 72 30.1 16.25 +0.61 2.4 m C84 

475 05.4 72 31.4 15.82 +0.08 2.9 m C84 a 

476 05.4 (PRSHlall 14.69 —0.68 4.0 f C84 

477 05.4 72 55.8 13752 —0.65 5-2 m $54 

478 05.7 ifeye: ish 12.80 —0.88 5.9 m 16512 7908 S53 

479 05.8 (PASSA) 14.58 —0.59 4.1 mf 

480 06.1 72 39.3 14.23 —0.78 4.5 m 

481 06.2 72 43.9 10.38 +0.88 8.3 vvs 16650 8094 (79), N81, IC 1644 
482 06.4 72 42.4 15.09 —0.55 3.6 f 

483 06.4 72 56.2 14.21 —0.75 4.5 m 

484 06.5 72 54.9 14.36 —0.63 4.3 m 

485 07.1 73 16.9 16.38 +0.59 Mes} f 16890 9666 

486 07.1 73 18.4 16.50 +1.22 isd, vid 16962 9558 

487 O7-3 72 56.3 14.67 —0.51 4.0 f 17106 10914 

488 07.4 73 18.6 16.22 +1.37 DD f 17010 9516 

489 07.7 72 °:53.4 14.34 —0.54 4.4 m 17238 11082 

490 08.2 13. 50.3 13.41 —0.64 5e3 m 17088 7668 S55 

491 08.3 72 54.6 13.48 —0.32 552 ms 17400 10980 S56 

492 08.4 72 32.4 13.73 —0.97 5:0 mf 17508 - 12450 

493 08.6 73 49.3 14.20 —0.37 4.5 mf 17208 7692 

494 09.2 73 07.8 16.06 +0.64 26 f 17574 10188 

495 09.8 T4227 14.24 —0.25 4.5 ms 17304 5652 (80), N82 

496 10.5 132009 14.73 —0.71 4.0 f 17814 9012 

497 10.7 122 16.22 +0.24 DRS) ik 17910 9276 

498 11.0 73 43.7 15.41 —0.64 Sine) vid NGC 456 

499 11.0 73 47.4 13.35 +0.08 5.4 s (82), N83p, NGC 456, nebulous star 
500 ileal 73 50.0 . a vvs (81), N83,, NGC 456, bl. with stars 
501 AD. 73 47.9 16.68 +0.67 2.0 m NGC 456 

502 il ss) (isi BO 15.54 —0.08 3.2 vi NGC 456, bl. with a star 

503 ile} 73 47.9 14.17 —0.86 4.5 s (83) 

504 11.4 73 47.5 15.16 —0.34 Sins) m (84), N84c, Hm NGC 456 
505 11.6 73 45.6 15.06 —0.56 3.6 mf NGC 456 

506 11.9 73 50.2 11.60 —0.80 ifsil s (85), N84,, NGC 460, bl. with a star 
507 TAES (Seo 13°55 —0.45 S22 s (87), NGC 460, bl. with a star 
508 12.0 72 53.0 13.93 —0.84 4.8 m 10578 18204 

509 12.0 LSP 15.87 —0.11 2.8 m - (88), N84p, NGC 460, nebulous star 
510 peal 1 AO IDES —0.12 6.0 vs (89), N84n, NGC 460 

511 UPPEP) USAGE, 14.88 —0.48 » Sines mf 

512 WD 73 51.0 14.17 —0.11 4.5 vi (86), NGC 460, bl. with a star or nebulosity 
513 12.6 74 00.0 13.87 —0.38 4.8 mf 18152 6949 S58 

514 12.8 72 52.0 14.34 —0.68 4.4 mf 10872 18234 

515 12.8 73 50.9 14.00 —0.79 4.7 m NGC 465 

516 12.8 16s tayhe gs 14.21 —0.90 4.5 f NGC 465 

517 12.9 73 4155 15.83 +0.72 2.9 ms (90), N86, P, bl. with two stars 
518 AESrat 13 52eu 15.47 —0.15 ee, m N85 NGC 465 / 
519 1333 1338 )55) 14.25 —0.51 4.4 mf 

520 14.6 74 16.0 16.15 +1.39 2.6 vid 18570 6558 

521 15.8 4313:.5 16.92 +1.67 1.8 mf 19290 9660 

522 15.8 74 03.1 14.14 —0.35 4.6 m 18936 6708 S59 

523 16.0 73 49.3 14.00 —0.52 4.7 m 19068 7506 

524 16.3 73 47.5 14.75 —0.26 4.0 mf 19236 7620 

525 16.9 73 08.9 14.42 —0.37 4.3 vid 19572 9930 

526 lie, 73 41.4 14.34 —0.49 4.4 mf 19404 7968 

527 13 72 49.8 14.62 —0.56 4.1 vid 19872 13046 

528 18.1 74 04.5 14.41 —0.39 4.3 mi 19548 6540 

529 18.2 74 02.8 15.64 —0.71 Sint vid 19560 6660 

530 18.3 (35525 14.82 +0.11 3.9 f 19608 7272 

531 18.4 13) ADIES 13.78 —0.40 3.9 f 19620 7788 

532 18.5 73 46.4 15.94 +0.88 2.8 s 19740 7650 (91), N87, P 
533 20.9 73 02.8 14.71° —0.90 4.0 f 20700 10170 

534 Diva 73 55.0 13.83 —0.60 3.9 m 20328 7020 S61 
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10 R.A Dec. Mp b-r Me Hh Remarks 
HS =-1521.5 —73 39.7 14.05 —0.56 —4.6 vvs 20568 7908 C101 
16 2Us5 74 32.9 Atel, +0.52 1.6 m 20190 4740 P 
| 21.6 GSrs9Ks 12.77 +1.06 5.9 mf 20538 7896 (92), C101 
21.8 73 44.8 13.96 —0.52 4.7 f 20430 7590 C103 
2252 74 04.0 14.58 —0.64 4.1 m 20484 6468 
22.6 74 05.4 14.11 —0.79 4.6 f 20586 6384 
22.9 73 38.5 14.48 —0.53 4.2 f 20928 7926 C101 
24.6 1S SIF 13.94 —0.78 4.8 mf 21354 8094 
26.9 73 13.8 12S 2 —0.02 6.4 s DONQ 9252 (OL) SOS 
27.4 73 54.3 14.13 —0.85 4.6 f 21924 6846 C107 
27.6 73 54.8 14.56 —0.64 4.1 f 21972 6810 C107, bl. with a star 
27.6 73 49.8 13225 —0.75 5.4 m 22050 MALS (98) S620 C107 
28.8 73 55.8 Drive —0.70 6.1 x 22260 6720 (95), 0, C107 
29.0 73 19.9 12223 —0.67 6:5 ms 22602 8820 (96), S64, 0 
Slaw 73 40.7 15.39 —0.36 Sod) vi 24474 7200 
37.2 73 41.4 15.97 +0.41 Dial vid 24456 7146 
39.1 73 46.9 15.59 +0.39 Sill vi 24870 6786 
40.0 74 26.6 14.99 —0.28 Doll f 24732 4464 
40.9 73 35.9 15.55 +0.24 32 vi 
40.9 74 22.7 14.92 —0.62 3.8 vi 24858 4620 
41.3 74 57.4 16.18 +1.08 Bes vi 24564 2520 
42.5 7013-0 14.29 +0.26 4.4 ms 24630 1584 
42.6 LW) 11.92 +0.46 6.8 s 24660 1650 (97), 0, S65, Hg strong, H, 
42.7 73 44.5 14.31 —0.79 4.4 f 
43.3 75 13.4 16.83 +1.20 1.9 f 24816 1500 
43.4 74 29.8 14.97 —0.51 Sell f 
43.5 74 36.0 15523: +0.63 So) vf 
43.7 74 09.4 14.51 —0.63 4.2 mf 
43.8 (fs) eS) 14.81 +0.10 3.9 m 
44.7 75 23.1 15.97 +1.52 Bell f 
45.7 74 36.6 16.70 +0.42 220 vid 
47.7 74 29.2 14.83 —0.40 3.9 f 
47.9 75 18.9 17.26 +2.20 1.4 vid 
47.9 75 36.9 16.48 +1.78 Dee vid bl. with a star 
48.4 75 06.7 14.65 —0.64 4.0 f 
48.9 74 36.9 13.29 —0.59 5.4 m 
byaay? 74 45.9 14.15 —0.28 4.6 f 
52.3 74 31.2 13.93 —0.38 4.8 mf 
52.4 74 26.7 14.03 —0.60 4.7 m 
52.4 74 42.9 15.63 —0.14 Sel vi 
SES 75 30.1 (17.8) +2.6 0.9 vid 
5255 75 32.4 16.87 +2.4 1.8 vid 
53.6 75 04.3 igfesel +1.61 1.6 vi 
54.3 74 27.8 15.01 —0.40 3.7 f 
54.4 74 22.8 14.97 —0.49 Sri vi 
54.5 75 16.2 15.47 +0.30 So mf 
54.9 74 37.9 15.29 —0.22 3.4 vi 
eof 74 44.9 15.32 —0.17 3.4 mf bl. with a star 
56.6 75 10.6 15.69 +0.28 3.0 vi 
57.5 74 22.9 15.41 +0.14 58) f 
57.9 74 59.9 15.10 +0.19 3.6 m 
58.0 74 31.1 15.35 —0.28 3.4 vi 
1558.4 75 00.6 15.70 —0.19 3.0 vi 
2400.5 75 09.8 15.93 +0.96 2.8 f 
05.6 75 06.1 15.40 +0.60 3.3 tt 
06.9 75 16.6 15.96 +1.24 Dil m 
07.3 74 46.2 14.81 +0.26 3.9 mf 
11.8 74 50.5 15.79 +0.30 2.9 vi 
14.1 74 49.6 13.82 —0.34 4.9 s H,, \arge diffuse, little continuum, bl. with fainter star. 
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Since radio observations may indicate a Stromgren-spherelike electron distribution near the radio center 
of M17, we have searched the area for fainter OB stars than those hitherto known, since none of the latter 
lie very near the radio center. Precautions were taken to suppress the nebular light on the plates. Lists and 
an identification chart for faint OB stars in the area are given. Two of the new stars lie within ~4’ of the 
radio center, but the field is too rich in faint OB stars to conclude from surface distribution that these two aii 
are probably physically associated with the ionization. 
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F the radio-frequency radiation so far observed from 
the galactic nebula M17 is chiefly thermal in origin, 


then the inferred distribution of electron density 


(Hobbs 1961) is suggestive of a classical Stromgren 
sphere of ionized hydrogen having a rather localized 
source of ionizing radiation near the center. However, 
none of the possibly associated stars listed by Sharpless 
(1959) are very near the center of the radio source. 
The radiation may not be purely thermal in origin 
(Dombrovskii 1958), and no claim to extreme precision 
can in any event be made for Hobbs’ derived density 
distribution. Nevertheless, the inferred electron distri- 
bution and the obviously large absorption overlying the 
region of the radio center suggests searching the region 
for additional, fainter OB stars which might be re- 
sponsible in part for the observed ionization. 

Such a search has been conducted with objective 
prism equipment of the Warner and Swasey Observa- 
tory, at a dispersion of 580 A/mm at Hy. In order to 
suppress the nebular light, the Kodak IIa-O plates used 
were exposed through a pair of filters which narrowed 
the transmitted spectral band. Schott GG 13 and BG 12 
filters were used for this purpose. By direct examination 
of the spectra, this combination was found to yield 
effectively zero transmission blueward of 3760 A and 
redward of 4850 A; thus the principal nebular emission 
lines passed were some of the higher membets of the 
Balmer series from Hy onward. This precaution was 
unnecessary so far as the optically dark vicinity of the 
radio center is concerned, but was desirable for the 
survey of the region of the optical center. 

Except in the optically bright nebular regions, the 
limiting photographic magnitude for reliable identifi- 
cation of OB stars was about 12.3. This value and the 
magnitudes given below were obtained from visual 
estimates of spectral photographic densities, calibrated 
from the Mt. Wilson magnitudes in Selected Area 134, 
which falls within the field of the M17 plates. In the 
nebula itself, we probably reached my, 11.5 even in the 
brightest regions. 

Tables I and II list the OB stars identified within 
about 25’ of the optical center of the nebula which are 
not included in Sharpless’ (1959) list of stars possibly 


ct 
hit 
associated with the nebula. Table I gives non-B 
stars ; for completeness, three stars published previoush| 
as OB stars by Iriarte and Chavira (1955a, b) havy| 
been included. Figure 1 identifies the stars of Table qj 
Table II gives BD stars. Again, for the sake of complete} 
ness this table includes two Tonantzintla stars (Iriart) 
and Chavira 1954, 1955a) omitted by Sharpless. Noni 
of these stars are contained in the Henry Drape! 
Catalogue. The OB spectral types given here are on é 4 
system which can be considered to be defined in thé 
paper by Nassau and Stephenson (1960). The probabl 
error of the magnitudes in Tables I and II is abou 
sel M eee). a 

The radius of the region, calculated by Hobbsi 
within which the electron density is nearly maximum 
and constant is about 4’, and the probable error of i 
radio center is +1’. Of the new OB stars given here 


Tas _e I. Non-BD OB stars near M17. 


No. Mpg Spec. Notes 
1 11.0 OB: a 
2 WF OB- 
B) 13 OB 
4 11.7 OB 
5 ALS 7 OBt 
6 12.6 OB: 
Uf 11.4 OB b 
8 12.3 OB 
9 12.6 OB: c } 
10 ied OB 
11 «NES 7 OB d 
a Spectrum overlaps that of another star. 
b No, 54 in the list of Iriarte and Chavira (1955a). 
¢ No. 18 of Iriarte and Chavira (1955b). 
4 No, 58 of Iriarte and Chavira (1955a). 
Taste II. BD OB stars near M17. 
No. BD Moye Spec. Notes 
12 —16°4818 10.5 OBt 
13 — 16°4823 10.3 OB i 
14 — 16°4831 INE OB a 
15 —16°4832 9.7 OB- 
16 — 16°4834 10.3 OB b 


4 No. 56 in the list of Iriarte and Chavira (1955a). 
b No, 29 of Iriarte and Chavira (1954). 
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aber 2 and 3 fall within about 4’ of the radio center. 
owever, the great richness in OB stars of the whole 
‘ld, the radio center being at galactic latitude —0°6 
1ew system), deprives these two stars of any great 

priori probability of being associated with the 
nization. 


: The apparent photographic distance modulus of the 


_ars thought so far to be associated with M17 is about 
-1. The absolute photographic magnitude of a star 
assified by us as OB has been found from comparison 
ith published MK classifications to be in the neighbor- 
{ood of —5.5, with a probable error upwards of one 
| aa The apparent photographic distance 
rodulus of star No. 3 is thus 17™8, while the value for 
To. 2 may be a magnitude less. Hence neither of these 
' tars, particularly No. 3, is very likely to be a foreground 
(ar, unless the distance moduli are greatly in error or 
jhe foreground absorption highly irregular. Conse- 
ently, we conclude that either (1) stars Nos. 2 and 3 
re exciting stars embedded in or behind the dust lane 
‘hich is apparent on the Palomar Sky Atlas prints; or 
(2) the central stars are not yet found, and suffer more 
han three magnitudes additional photographic absorp- 
ion over the average absorption in the field, in an area 
vhich, though small, is nevertheless patchy enough 
hat background stars are seen; or (3) no central star 
ir stars exist. 

In view of the very large general absorption which is 
ndicated by comparing the radio isophotes (Hobbs 
961) with photographs, it may be of interest to remark 
hat an examination of the OB star distribution over a 
nuch larger field than that of Fig. 1 indicates that, to 
Mz 12.3, these stars neither cluster toward, nor avoid, 
he vicinity of M17. 
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Fre. 1. Burrell Schmidt telescope photovisual plate of the field 
of M17. North is at the top, east to the left; the field is approxi- 
mately 60’X60’. The stars of Table I are identified by number, 
and the radio center found by Hobbs is the open circle. 
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Forty-Five Variable Stars in VSF 193 


Dorrit HOFFLEIT 
Maria Mitchell Observatory, Nantucket, Massachusetts 
(Received February 14, 1961) 


Results of photographic observations of 17 known and 28 new variable stars in VSF 193 in Sagittarius are 
given. Thirty-one are Mira-type stars, including V 939 Sgr which had previously been considered an RT 


Serpentis star. 


N continuation of previously reported investigations 
of VSF 193 in Sagittarius (Hoffleit 1960) results are 
presented for 45 variable stars. Table I includes 28 
hitherto unpublished variable stars and 17 already 
included in the General Catalogue of Variable Stars for 
which revised elements have been derived. In Fig. 1 
charts are given of the fields of all of the new variables 
and such of the previously known variables as are 
either of special interest or relatively difficult to identify. 
The numbers on the charts correspond to the serial 
numbers in the first column of the table. 

Four of the stars are Algol type, one is apparently a 
classical Cepheid, four resemble the U Geminorum type, 
three are semiregular and two are of undetermined type, 
probably irregular. The remaining 31 are long-period 
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variables with periods ranging from 138 to 437 days 
This brings to 168 the total number of Mira or sem 
regular variables of long period investigated on Harvar 
and Maria Mitchell plates since the inception of: th 
current program (Hoffleit 1957). Relatively fe 
additional stars already known to belong to " 
categories remain to be investigated on the plates n 
at our disposal. | 
One of the stars we have classified as Mira type 
V 939 Ser, warrants special attention. It was discovere 
by Innes (1917). Among 13 photographs he found ij 
bright, 14.2 mag., on two plates and of intermediat 
brightness, 15.0 and 15.5 mag., on two, On this basi 
Innes suspected the star of bene a nova. Later Me 
Laughlin (1945) assigned it to the RT Serpentis class 


Fic. 1. Charts of the fields of variable stars listed in Table I. Size of fields, approximately 15’X15’. 
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TABLE I. Variable stars in VSF 193. 
Name R.A. (1900) Dec. Max Min. Period 
Sgr 18h+ pg pg Type (days) JD Ep. Authors® 
07™33s—-27°43/6 1S 14.5 U Gem A, F 
07 44-27 32.0 14.5 SiS Mira 138 26510 72 Kemer 
10 31-25 34.1 12.6 15.8: Algol 20.064 27160.568 660 leo dal 
12 05-24 24.8 122: 13.0 Algol? 25417.502 PEL 
14 07 -23 32.3 14.0 [16.3 Mira 235 25860 56 H 
GQ 16 33 -24 56.3 14.0 16.5 Mira 156: 26560 60 W,H 
17 22-27 40.8 13.9 [16.0 Mira? 109: 25749 40 AS EL 
nGZ 19 29-23 48.3 14.3 [16.5 Mira PANS) 26590 61 H 
20 15-21 53.6 12.4 15.0 Mira 344 25850 38 B 
HM 20 20-26 14.3 1256 {16.5 Mira 289 37191 45 H 
HN 20 25-26 21.3 1 Sho! [16.0 Mira 318 26860 50 i gal 
HO 20 45-25 44.2 USES [16.0 Mira 437: 26160 20 (enasl 
HQ 21 36-24 06.2 14.7 [16.5 Mira 259 25750 48 M,H 
HT 22 12-25 44.7 SES) 15°0: Mira D2 26100 55 Cur 
23 29-24 42.6 14.7 [16.2 Mira 245: 27270 16 lapel 
23 48-19 07.8 14.7 [16.5 Mira 285 25480 43 lddsl 
23 48-27 27.0 13.6 15.8 Mira 288 26100 45 eed 
23 49-20 54.6 12.5 14.1 Algol 1.7243356 27254.368 7660 B 
24 27-24 41.5 12.4 14.2 Cepheid 18.15 33858 548 Fr, H 
HZ 24 55-24 40.9 13.6 [15.9 RV Tau? 163: 24380 64 hay lek 
25 31-26 50.0 Aaa 14.5 RV Tau : A 
26 35-22 17.8 13.0 [16.4 Mira 245 27260 53 Z 
EP 26 51-26 39.5 13.9 {16.0 Mira 418 25740 23 (OF a8! 
V 939 28 08 -26 58.7 13.8 BUGS} Mira 336 27620 54 S 
28 52-27 12.0 13.0 13.9 Algol 1.782254 26131.554 7360 S 
29 33-21 07.8 13.0 [16.0 Mira 253 26100 50 H 
TVs 30 18-23 09.6 13.1 15.0: Mira 358: 23908 45 M, H 
30 33-21 04.0 13.6 [16.5 2 30100 H 
30 38-27 48.4 13:5 1522 Mira 167 25474 52 ipa aat 
30 59-26 15.6 14.0 [16.2 U Gem? feel Dy 13 f 
33 48-22 48.0 14.7 [16.4 Mira 316: 24410 31 A, 
34 27-24 07.6 14.7 16.2 Mira 286 25390 41 A,F,H 
34 39-23 02.0 14.4 [16.4 Mira 223 24390 44 ASSET 
35 27-27 02.6 14.0 16.0: Mira 249 27980 48 ALTE ae 
36 19-25 54.7 14.7 [16.0 Mira 266 25400 49 A, H 
36 58-22 28.0 135) [16.5 Mira 290 25850 44 H 
KS 37 30-25 25.0 14.5 [16.0 Mira 182 30120 70 Vico 
37 30-27 39.6 14.0 mae? U Gem? 1250? 25430 10 Al Ss Et 
38 17-18 46.2 13%5 [16.2 Mira 338: 24410 30 A, H 
V 958 38 42-27 20.6 13.0 [16.2 Mira 159.5 25750 95 TE 
38 47-25 38.0 14.0 15.5 Mira 280 25800 34 V,H 
39 08 -26 33.6 14.0 16.2 U Gem? 300? 25400 F,H 
NP 41 22-20 27.9 USAS) IES 356) I? Fr, H 
NQ 41 22-24 21.9 14.5 S55 Mira 317 36050 40 H 
NT 42 49-22 16.0 13.37 1655 SR 123.7 25420 104 H 
_* Those who carried out the estimates of magnitudes or derived the mag. mag. 
yeriods are: A, Jean Hales Andersen; B, Meredith Baldwin; C, Marguerite pg JD pg JD 
Camusso; F, Choko Fujita; Fr, Margo Friedel; H, Dorrit Hoffleit; K, : = 
Andrea Kundsin; Ida Lowell: M, Janet Marshall: P, Zora Prochazka; 15.5: 27600 14.9 29811 
3, Ilona Strockis; hy Florence Vincent; WwW, Barbara Welther; and Z, 15.0 603 14.6 843 
Catherine Zastrow. 15.3 606 14.0 906 
b The following notes are indicated by a dagger in the first column of the 15.2 631 13.6 30087 
able. The number of the note is the same as the number in column 1. rie te ape ees ace 


|. Observed maxima not shown in Fig, 3 are 12.2 mag. on JD 23949, 12.3 
4 28336, and 11.8 on 31313. 

Period based on 11 observed minima. 
Observed only one deep and two doubtful minima. 
». Provisional period of 188 days (Luyten 1927) does not satisfy our 
»bservations. 
7, Blended images on Nantucket plates; period based only on Harvard 
dlates of the MF series (10-inch Metcalf). 

The period and epoch originally published in ‘Vol. 90 of the Annals of 
Harvard College Observatory, p. 188, and included in the General Catalogue of 
Variable Stars should have referred to HM Sgr, not HN. 

12, Luyten's period confirmed. 

(3. Luyten’s provisional period of 270 days rejected. 

(4. Probable companion. Luyten’s provisional period of 275 days does not 
atisfy our observations. 

(8. Period based on 22 observed minima. 

‘9. Magnitude estimates difficult because of optical companion. If this 
s a Cepheid it must be considerably obscured, otherwise it would be far 
eyorrd the galactic center. Situated near a prominent dark lane. 

4. In Fig. 1 two stars in the field have been marked as variable. The one 
it the right edge of the field is variable 19 of our 1959 list. V 939 (Fig. 2) 
nay have a 16-mag. companion, 

'S. Period determined from 15 observed minima. 

7. Magnitude estimates affected by companion. Only three maxima 
ybserved: JT) 18112, 18471, and 23908. However, these and the observations 
f minima adequately confirm the period derived by Kurochkin (1951). 

'8. Invisible on the vast majority of our plates. Only the following two 
rroups of positive observations were found among several hundred plates 
howing stars fainter than 15 mag. 


Although the coordinates agree, it is doubtful that this is the star Miss 
Woods (1928) announced as HV 4148 =IZ Sgr. Both of these groups of 
observations are later than the dates of the plates then at her disposal, 
which we believe we have examined, 

29. Discovered by Mrs. Lowell while she was examining V 945 Sgr (Hoffleit 
1960). Both stars are shown in Fig, 1, the new variable being the one at the 
left. 

30. Infrequently seen at 15.2 mag. and frequently invisible at 16.2, the 
variable showed one pronounced maximum at about 14.0 mag. on five 
successive plates between JD 26501 and 26516, and on one other plate 
on JD 30116. 

38. Observed at four maxima: JD 25430-480, 27979-984, 31638, and 
36720. These and the times of minima can be represented by a period of 
1250 days, the duration of maximum (brighter than 15.5 mag.) being under 
60 days. No simple fraction of this period nor any related spurious period 
was found that would satisfy the observations. From the relatively short 
duration of maximum the star seems more likely a cataclysmic than a 
long-period pulsating variable. 

40. Discovered by Innes (1917) who gave a period of 158 days. Our revised 
period also satisfies his observations. 

41. Possible unresolved companion, 

42. Only one well-defined maximum observed, JD 25383-423. The group- 
ings of the other observations, 14.9 mag. and fainter, suggest a period of 
about 300 days, but this is unsatisfactory and U Geminorum seems more 
probable than long period. 

43. At edge of field, measures difficult. Cycles of 100 to 300 days seem 
indicated but are not well defined. 
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0 2004 
Fic. 2. Observations of V 939 Sgr fitted to a period of 336 days. 


Suspicious of a classification based on so few obser- 
vations, I searched for the star on our photographs and 
found 10 groups of observations near maximum 
brightness. They yielded a period close to 336 days. 


JD 26000 
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Although there is considerable dispersion of the obser- 
vations about a mean curve (see Fig. 2), it is obvious 
that the star is a long-period variable and does not 
belong to the cataclysmic category. 

Observations of the U Geminorum star, variable No. 
1, and of one RV Tauri star, No. 21, are shown in Fig. 3. 
The notes to Table I give further information on these 
and many of the other variables. 
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Fic. 3. Part of the obser- 
vations of the RV Tauri-typ) 
. variable, No. 21 (upper stripe 

; and the U Geminorum-type 


variable, No. 1 (lower strip). 
Sizes of symbols represent 
relative weights or numbers of 
observations. Open circles are 
for Mrs. Andersen’s obser- 
vations on Harvard plates of 
’ the RB and RH series (3-inch 
= Ross-Fecker cameras). The 
solid dots are for all other 
series obtained with larger 
lenses (7.5 to 24-inch). 
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NEW BOOK NOTICES 


[elescopes—Volume 1 of Stars and Stellar Systems, a nine-volume compendium of astronomy and astrophysics, 
edited by Gerard P. Kuiper and Barbara M. Middlehurst. Published by The University of Chicago Press, 
Chicago, Illinois. Price $8.50. 


The first of nine volumes on Stars and Stellar Systems, this well-illustrated collection of short review articles 
sontains brief accounts of the 200- and 120-inch telescopes, descriptions of three rather specialized instruments 
transit circle, moon camera, and Danjon astrolabe), general articles on design of reflecting and Schmidt telescopes 
ind telescope drives, seeing and site-selection problems, and radio telescopes and radiometers. Most of this material 
s fairly readily available elsewhere; also, some of it will rapidly be dated. Nevertheless, a useful reference com- 
yendium circa 1960. 


Radio Astronomy, by F. Graham Smith. Published by Penguin Books, Inc. Price $1.65. 


Lively, accurate, up to date, well-balanced nontechnical survey of radio astronomy. Excellent for quick intro- 
juction to the field, highly recommended for astronomy students and astronomers in general. 


Radio Waves in the Ionosphere, by K. G. Budden. Published by the Cambridge University Press, American Branch, 
New York. Price $18.50. 


Full mathematical treatment of the propagation and reflection of radio waves in the ionosphere. An important 
00k for radio astronomy, giving theory applicable to problems of the emission mechanisms of some celestial sources 
such as Jupiter and the sun, as well as to the transmission of extraterrestrial waves through the ionosphere. 


The Exploration of Space, edited by Robert Jastrow. A Symposium on Space Physics (April 29-30, 1959), sponsored 
by the National Academy of Sciences, the National Aeronautics and Space Administration, and the American 
Physical Society. Published by the Macmillan Company, 1960. Price $5.50. 


Proceedings of a symposium, already two years old, on a subject which is advancing perhaps more rapidly than 
ny branch of science. But the brief and qualitative papers, while containing practically nothing which is not 
ivailable elsewhere, summarize and present their fields well enough to show the state of the art in 1959, to be of 
-eference utility particularly for students, and perhaps to stimulate some ideas in the reader. 


The Technique of Optical Instrument Design, by R. J. Bracey. Published by the English Universities Press Ltd., 
London. Distributed by the Macmillan Company, New York. Price 35s net. 


Accurately titled, this book takes the reader from first principles through the theory and techniques of optical 
lesign, emphasising lens theory, ray tracing, and the treatment of aberrations. Very little on telescopes or on such 
1stronomical auxiliaries as spectrographs, but nevertheless a useful book for astronomers wanting an introduction 
0 optical design in general. 


The Milky Way Galaxy, Man’s Exploration of the Stars, by Ben Bova. Published by Holt, Rinehart and Winston. 
Price $5.00. 


Introduction to stellar and galactic astronomy. Covers in breezy conversational style much of the material 
ippearing in the non-solar-system parts of introductory texts. Generally accurate and up-to-date. Recommended 
or interested laymea and high-school students. 


[he Rotation of the Earth—A Geophysical Discussion, by Walter H. Munk and Gordon J. F. MacDonald. Published 
by the Cambridge University Press, Cambridge, 1960. Price $13.50. 


A thoroughly up-to-date treatment of the many geophysical problems related to the earth’s rotation. The 
lynamical and geophysical aspects are well balanced in the presentation. Much in this book is new, to the extent 
hat it has not before been presented except in research form. 
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NOTICE 


Request for Astronomical Serials for Latin American Libraries and Observatories 


HE rapid development of sciences in Latin America is being hindered by a severe shortage of scientific and 
technical journals. Scientists in the U.S.A. are being asked to donate to the U.S. Book Exchange, Inc., 
files of such journals which they no longer wish to keep in their libraries. 

The U.S. Book Exchange is a nonprofit corporation acting as a central clearing house for the exchange of books 
and journals between libraries all over the world. Under a new program organized by the Division of Science 
Development of the Pan American Union, General Secretariat of the Organization of American States, Latin 
American membership in and use of the Book Exchange is being expanded. 

American astronomers are encouraged to support the program by contributing any files of scientific journals 
which they no longer need. Income tax deduction may be taken for the value of the gift plus mailing charges. 

Further information about the program may be obtained from the U.S. Book Exchange, 3335 V Street, N.E., 
Washington 18, D. C., or from the Division of Science Development, Pan American Union, Washington 6, D. C. 
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